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METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the weight of 
a piezoelectric/electrostrlctive device, in particular 
its moving part or stationary part, increase the 
displacement of the moving part and quicken the 
operation (higher resonance frequency), and enhance 
the handling easiness of the device, component 
mounting easiness to the moving part, and fixing 
stability of the device. 

SOLUTION: The piezoelectric/electrostrlctive device 
10 is equipped with a pair of thin plate parts 16a and 
16b confronting each other, a moving part 20, and a 
stationary part 22 to support the thin plate parts 1 6a 
and 1 6b and moving part 20, wherein 
piezoelectric/electrostrlctive elements 24a and 24b 
are installed on at least one of the thin plate parts 
1 6a and 1 6b, and a cavity 1 2 is bounded by both the 
Inner walls of the thin plate parts 1 6a and 1 6b, the 
inner wall 20a of the moving part 20, and the Inner 
wall 22a of the stationary part 22. The arrangement 
further includes end faces 36a and 36b confronting each other formed on the moving part 20 
by cutting away the central portion of the moving part 20. 
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6 aRZJ^S 6 b<orp1tlB9lfipJ|j!iS8 2 0 (Dmf&^ti 
,ko\z\^xh^\^K 

[0 0 5 5] fSi^. ~-*tcomS2 8RZS3 O^COSHO 

Hiijqn, 6-a@2 8S:t/3 ocD^t>. ^n-?ns^^$2 

K) 3 2R^/3 4$:iii;Tff*Dn^<fc'5l3?S:oT^^'5)o 
#i§S^3 2R^3 4 0{4gH, -^^-CT^S® 2 8 JCjttfiS-r 
10 '5S^3 2;C^^S^g6 2 2cDmjSS^DtC^^£^tl, ^l^gg^ 

wim(Dm-:^<Dmm3 o^zmt^t^i^^s 4f)mA^2 2 

(7)rtS2 2 a^DJ::ff^fiJc:$nTi^^o 
[0 0 5 6] Cl(7)^^. Hm/m^T^yt^X 1 OOS^ 
3 2 5cU^3 4 7&^*iBS^n;^cffi<h^iSijOiS^ipJffl 

V®M5^/NWX 1 OcOS^^h. lIIS&<h^^3 2Rt;3 4 

So . 

[0 0 5 7] EEmymmmi'2 4 aSD:2 4 bc!)#i^K<h 
LTti, mi\z7jk'rm^(D{^^K m 2 \z7jk-tm 1 <D^m 
miz^^s.mxmmy'/^^ 7.1 0 a(oj:3{z. mnxm 

li3R^ '2 4 aSy^2 4 b ^^fiJcT-S— ?:*coa® 2 8S:t)^^ 

3 o<D&^^gK€:fl8A. &m/mmm2 6(D^^^<D^ 

^pJii!jgE2 0Mtw5!^ai$it^J:^{zLTfeJ:<, ^;^c, 
13 3 f:i^TII2cog!f^fi?iJt:H^SEEm/Mli5^AW X 1 0 

30 b<D^v iz. —:^(omm 2 8 trnmymmm 2 e o^^t 

SSSg^SJA- flfi:&(^mS3 0<0^SgBO^$:H^|fP2 2 

tt/:ttli^/NWX 1 0 b^C^Dl^Tti. pJSbgg 2 0 <Oft:b 
Oi::S;£SI5 2 2tc:Sli^c*rfpjTSSM3 6 a35:r;3 6 b 

[0 0 5 81 ^4{-^rm3C0^ff^^J{I^SEE 

a/a^T^AWx 1 0 c (Oct-^tw. — ::3&omM2 8:Rtx 
EES/HliS 2 6 (D^^cmm^-^msi 2 0 (Dmm\z^x 

o\zl.x^^^^. 

[0 0 5 9] ±M(DmXVt. JEm/ll^*^2 4 aRD^ 
2 4b$:. 1 S^3tC7)ffia/liliM2 6 t-5t^om<12 

mmT2 4 aRZf2 4h^. EES/SMH 2 6 <h-*KO 

as 2 8 sr; 3 0 (omst^«s?^^^c uxis^-rs c: <h 
[0 0 6 01 m^^im 3 {ZTiktm 4 (D^mm\zgf;^mm 
5z? j3-^<Dmffi2 8Ryf3 o^-en-Fn^ssiigiiL, - 
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:^(Dmm 2 8 tm:fj(Dmm s o ^^ti^n^m\zmm b 

8) :fy^^mm^^^ntzmm/mmm=F2 4 aRz/2 4 
b tLx^^iK zcomsxift. j£mymmm26^3 

mm) <h 2Beo±s(c-^(7)as2 s^r^n-^n^j^gi 

3 o^^n^en^^i.Twmi^^ Mic. -^(Dmm2s 
<D<^^mz^n^'n^f'3 2 aiSLU3 2b^m^f. m:^ 
(omms o(D&^m^z^n^nm^3 4 as^/s 4 

[0 0 6 1] ^Tz. meizTjk-rmscD^mmizm^Km 
/mmy^n^ t^io e<D^^ \z. j£m/m,Mm 2 e 
\z-n(om,m2 SRXS3 o^^n^ng^mmm^i.. - 
;brcomffi2 8 <tfa:;5<^m® 3 o^mmmimm^hts.^ 
^o\z^n'etv:s.^^'M^^\zmm\^. z.n(b-n(om.m2 
8 <hffi:;^ 011^3 oi)^wM/m,m.m2 6 ^rH1^c^*^x-s 

m/mM^^2 4 a^C^2 4 b<hUTt>«tl^o ^1(7)136 
T't^, EES/mii^2 6^3g^it(hL> -ij<Dmm2 

2geo±®tc^4s-r^ct'5tc«s®«t-fl^^u, m-fico 

HffiS O;0^* 1 SSc7)±®i: 3g@(0_b®{3>eSt-'5i:^ 

2 8 lpI±MD^trffi;^CD«® 3 0 |5l±^^n^' 
n::>;^^*5i{k;r^e:<hT, H 5 o«^R<hi±-<T$g^3 
2^n3 4(DWi^^^'^^t.f}^x^^tz}^. E.m/m.m 

^^2 4 4 b(7)^g{fc;tC<il^^it-1'X(7>:^SIb^ 

[0 0 6 2] ^ti. m7\Z7Br^O\Z. m^^bCD^m 

m\z%^E.m/m.WTn^ 7. i o e(D{ii(Dm\z^\^^x. 

2 4 aS:^2 4 b^, ^(J)^^^i)mWL 
6 aiRLf^l 6 b±t3<h^^'&i:'5{Cff^fi£-r^cfc'5fC 

vx^^\^K m7o:>mx\t.. Km/mM^=i^2 4 
2 4 h(D%^n^m^^(D&^ij\^mt^^mz&.m-^ 

[0 0 6 3] ^fc. msizTjk-r^ecD^wm^zm^EEm 

y^mmy'/^-c XI 0 f (D^3{z. 2'D(DMkm^(nKn. 
/mmmT 2 4 a i 'blU 2 4 b 1 ^^n^'ns^ss 2 2 

tSftRgPl 6 aRZ/l ebiz^gf^cfc-^tCfi^j^KL, ffiO 
2'Z><Dg^^m^(Omm,/mwmT2 4 a 2RD^2 4 b 2 

^^n^*nnji*gB2 0 tmm.n 1 6 aS^tXl e b .t^^:?? 

mM«^2 4 aR^2 4b^#S«ittC'r^5eftm<h, pJ 
Kg? 2 0 ^^<5^i±^fca6(Df^ffl.^.:f^tjt^^^i,^^5^^ 

tc^^O. "5116^2 o^^^56T:^#<^^fi:^-d-^c:ch;i>^' 
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[0 0 6 4] ^tz. m^\z7v^t^7 o:>^mm\z^^^E.m 

XS^5^/\*-r X 1 0 g 0<fc -9 EEm/SMS 2 6^2 

mm^Lx.. -:^(DS®2 8 7!?nggcDTa (s^ggi 

. 6 aRI^l 6 bCDffiiJIi) ^2gg<^)±®tc:fi[BT'5i:-5 

g-r^<t'5^{Cff^^SLfc#^fl*gfi£cDEm/m^^^2 4 a 
Rr/2 4 bi:l>Tt>J:l^o d pJiftSS 2 0 
S3 6 aRlS3 6 bP«Tt;:pTij!ig5 2 0 iiU^U^W^m^^ 

i^? [00651 c:<7)j:^ u^m/mmm^ 24a ri/ 2 4 
h^^WLmmh-t^^ih^z^y}. jEm/®ii^^2 4a 

S^;2 4 bCO^*^i;&^ti;fcU, feoT:fe^ft*^^bn^ 
[0 0 6 6] ?5:*5. g»^^<Tntf, ^»;^<7>lt;k:li 

i^en^j^^ '^ti\z^\,^mmim,fihm^^tz^. mmz 
^ftes6n«cfci^o ^;^c. :i<Dmm(ommiz^^^EEmxm 

20 W^n^ 7s 1 0 TtS. EEm/'e^^^2 4 aR?Jt2 4 b 
6 a&D^l 6 b<7)ti {Y^-)5\^<D^m) \t^'^X&^rz 

[0 0 6 7] ±^(7)JEm/SMm^ 2 4 aSt;2 4 b 

:fcv^T[i. -'M(Dmm2 8-^1^3 om\zE.mxmmm2 

'bSffissi 6 aRtxi 6 h(Dmm\zm^'^nrcE.m/'m 
mm 2 6 (D-±m^zmmo)-n(Dmm2 sRrj^3 o 
^-r-Bcfc^tcLTfe^i^u. mi i\z^'rxv\z. {}>t^ 

< thmW,^ 1 6 aRZSl 6 b c^ffiUcifCJF^^^ n/cJE« 

/mmm 2 e {zmmo^-^a^mm 2 s Rn3 0 ^m^& 
/vxm^^^^^\zLxhxi\ 
[0 0 6 81 mi oizT^rmmcDiB^. mmmti^i&< 

40 ^mzmmx^^mmx$>^:ihf)^ib. ±^^(Dft^\z 
mm\zu^o 

[0 0 6 9] 0 1 0 {37i^-rjEm/m^3S^ 

2 4a IklS 2 4 b JEH/H^S 2 6 <^-3£® ^C«5^ 

mmco-'ti(Dmm2 8'BlxS3 otm^-^nxf^y). --fi 

re1»2 9 ^t>-pTtBS(C*ff6]-r^«ig^^-r^c ^10 

X\t. — »OS;S2 8S:t/3 0^EEm/aMl2 6CD— 

C/1 6 bi:/±m/mMg 2 6 ch(DPBl(3-*fOS@2 8R 
50 1/3 0 ^?F^fig-r^ck3fcLTt>ctl.^L. EEm/m^H 2 
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[0 0 7 0] m 1 1 \z7r:'rBmymmm^2 a a 

[0 0 7 1] c:<7>J;e)/ci:^ 1 O'EiXSm 1 1 tl7KTJ:5/cC 
jES/Sm^^ 2 4a :BlZS 24b t):*:^SScOJ^SgtCflK^ 

m 1 oz^D^m 1 1 \z7T^'tj£m,/mmmT2 a aiBLZf2 a 
h<D^o\z. nm(D~t^cDm^2 ^slzs^ Q^m^^^^m 

S-S^2 8S.D^3 0<D®«<7)e^y5^D^/h$<T 
^Z^fV. mm,/^mM=!'2 A SilkU2 Ah(D^&^± 

[0 0 7 21 dcT. ;io:>mm(Dmm\z^.^E.mxm^ 
"rn-iT.! o(Dmmz^\^^x%mr^. ^-r\ 0ijAtf2 

C»(0jEm/'m^m^2 4 aRtX2 4 b^^i^es^tt^. gp 
ffim/^^^^2 4 a]&tX2 4 bTii^'^tZ^filif^^ 
tToTl^^ttl'^^'&tl, 13 1 2 {1^1-^:3 ^3. ffim/mS^ 
5^A-<;^ 1 0<7)S# (H^gB(?)ft*4) mi:pJiftgB2 0(0 

[0 0 7 3] CCOt^tSg?!?^^. m7^\tm\ 2 A(D^W^m\Z 

7^^^o\z. —:f5(Dj±m/m.mm=^2 A s.\z^\i^—n 
(Dm%2 sRz^s otr^^oA-f jxmsvb^rwr^ 

1t-r >ffi^Wa^;&Ut. ^ 1 3 Btc^-rciz'Pt::. ffi:3^co/£ 
m/m^m^2 4 b(r^5Ct^-5ttcom@2 8^^1X3 0 t:: 
mifSlfOi^Wa thtlt^iS 1 8 0° effl<7)S75:^it'1' > 

[0 0 7 4] ^LT, -:^C0iEm/S^3g^2 4 a 

i^-f^-'M(omm2 sj^zfs oizM Lxmxifim±mo:>m 

2 A a\z^}rf^BEmymmm2 6\t^<D^m:^i^iziRm 
^ar^o cintr^o. m^imi A{z^r.k^{z. - 
yj(Dmm^i 6 8i\zMi^. ^^i^AiZTFT^oiz. mm^ 
mi 6 a^mpiif^^^i^izm^-^^yj\^<Djt-ti^m±-r 

z(Dt^: m^(DEEmxmmmi^2 4 h\z:^t^f^—n(7y 
mm2 sso^s o{z\t. mj±\twi]u^nx\.^:t^i^^mt 

m^lzji^^ii£vx:^:5fi}{zmts. ^<D^m. pJiftS82 0 

It. EEmxmm^/^'i X 1 o(Dmmm\zMLxm^iti^ 

4 a]S^l/2 4 b(cWJn$n'5mjE<DS;*cM{CjS;:i;T^fl: 
[ 0 0 7 5] 4# 13, JEm/mMg2 6<7)^^£«*4<hU 

T. mm^^mt^mm/mmitn^mmi^rzm^iz 
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;ttfffiSr(7)JES/mM*^2 4 b) J:oT, M 

^^mzljom^n 1 6 b iZ-:lj(Dm^n 1 6 a (Dm^:li 

o±^<r^cLi)^ujm^u^o ^so, 01 3ASCX 

^1 3 B{C:fettS-,^^^{I^TcJ:3/^CiS?^^flgffl-r^ 

10 4 bX(i2 4 a^t, ^fi»i{'^(7)^(tt7^j:oTl^-5JEm/ 
^^^^ 2 4 aXti2 4 b^+hT}^- hir-r-SthV^fj^tE 

[0 0 7 6] u:^. m 8 {::7K-riia/®^T'/t-r 7. 1 0 
fomx\t. M^^^±ifzmm^nrzm?i^tE.mymmm 

T2 4 a 1 ^z!£m/'mmmi^2 4 b 2J;:. ^1 3 A{r5i^ 
m^^^ 2 4 a 2 (hJEErnX^^^^ 2 4 b 1 t::. (113 
[0 0 7 7] CKT^ct^tr, ^||Jg(0ff^^tce^-5EEm/® 

a? m^'n-i Tsi o\z^\^^x\t. Kn,/mmMi'2 a a^xs 

2 Ah (DWl-^ti.'^ittm^U 1 6 a S:?^ 1 6 b <Dm^^ 

nm\^xi<^t^^\tmmzmi^'^nx. pji^gB2oici^ 

-rx 1 0<7)Sftim«cMLT:fe#<^fi$-&^c:^7&^pJtM 

[0 0 7 8] ^\z. ^<DmMmmx\t. '^mm2 o\z 

SlMC?*|S)r^$S® 3 6 aSDJ3 6 h^m»^^'D\Zl. 
Tl^-5o ClcDii-g-, Sl.>{3*ff^r^iSM3 6 aS:r/3 6 

b(7)rpi^s^3 8 icbfco. m^m^\zn^T^^m3 

30 6 a3S^rX3 6 b (DPb1{C nlSjgS 2 0 (om^mi ^ 

S15W4 0 ^r/^ft^it-seiiiT, njifjgg2 otDCSfb^W 

z.tt^<. ^mmiSiWL^m^^z,iii)^-^mhti.^. 

[0 0 7 9] :l:zx. ^iS^tti, -n(omm2^^iS 

2 o\zms\-r^m^±^^^m\zmK^^xx. ^^91^20 

mmi&WLh\t. 'sjfta5 2 ocr)^e»fp;<?^m^<oli»^- 
K # ^ is» ^ ^-r o 
[0 0 8 0] ^;^c, z.(Dmk(ommAz%^mm./m^5' 

40 X 1 0 tC^l^Tt^> pJlftgR2 0. ISSaS 1 6 a:S:tX 

1 6 bMr/J3@^gB 2 2 7^>^*— ^*:{l:^nT4^0. T-^TCO 

u^^m.mx\t^mm\^^uPtx^^j£m./m.miiim\z^ 

'Dxm^r^*^>^wm^\^^fz^. mmm^&ti^-m<.' j\> 

[0 0 8 1] M\z. :i(DUm(omm\z^\.^x\t. SO^fC 
?:*fS]T^S® 3 6 aR0:3 6 b(7)P«1^^^3 8 Li^fzm 
-:^(0S® 3 6a pJliS? 2 0 2 0 A 

5^? te:&<DSsS3 6 b^'g'trpTiftgB2 0<DS«J(D-gl5 2 0 
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[0 0 8 2] ^tz. m^m^izMi^'r^^ms e aRxj^ 
mf)^±^<u^o tSoT. a itcTKf <t^>tc. 

1 OA) cDpJiibgS2 otcsij(7)*^ig(;off^^tr^^EEtt/ 

[0 0 8 4] — :;5"<^£ES/®M5='/\*-rx 1 0 Atl. 

2 2 f)^^mn i 2 0 ^^uts^s 1 2 2 <D^m\z 
Hip^nxi^^o c:<7)— :?(DEES/sii5='A-f X 1 0 a 
cDPiij!}gi5 2 oicti. ^-:)j(D)£m,/n.m'Tn^ 7.1 0B(D 

@^gi$2 2;:?tfg«SiI 1 2 4^^LT@«$tlTl.^'5>. IP 
2-::>cDJEaXffiM5^A-rx 1 0 AS.r/1 0 BTj^m^iJ 

\zmw-^nfzm^tfs.'DX\^^^. u^. m-^cDmmym 

liT^ A* < X ^ ^ pliftgg (7)5 1 f^-r ^ iSSPpI « 
[0 0 8 51 c:co:«^. — :5<7)ffi«/aM5^/\W;^ 1 0 

AtriJlt^nJiftSJ 2 0C0«gffi3 6 al^ZfS 6 b(DHJw^ 

i&:fj(DE.mxmm'r/^< 71 0 B^mm^^rz^(D 
mmmi 2 4mr^&^x:i^D. cniz^o. i&':^<DE. 

S/«li-?AWX 1 0 B«-:;?(DjEm/Sli5^y\*-f X i 
0 At3*fUT^@t::S«$n^::i:{c;^^o S;/^, Zi(D 

j:v^zs.mymm^j'<'i7i oB^mm-rtiit. mmt 
mm^zt^ms e aRUs e hm\z-^W}^2 ot^tm^fs.^ 

[0 0 8 6] — mS{Z7r:T^o\Z. St^^lC^fl^r^ 
ig® 3 6 aRD^3 6 b ^S^SS2 2 i: Lfc:^^ 

\t. Btja?Lfc'SJi[jgP2 0 trS</^H*ff^T^S® 3 6 aS 

z:/3 6 b^^i-r^^-^^D^&^t-ijox., :i<Dmm(omm\z 
^.^mmymmy'JU7i o ^m^(Dm^^^\z^m\z 

[0 0 8 7] mtz. ::(Dmi(Dmm(DmmAz:^i^x\t. 
se/ttii^^ 2 4 a:s^^;2 4 b^. jimymMm2 6 
m&m/mmm2 6<Dmm\zi^gi'^titz—M<Dmm 
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2 8^U3 0 t^^vxm^iy. ~M(Dmm2 s-blzss 
00)0-^. —yj<Dmm2 s^^j>u< t^m^^i 6 
0^1 6 b(D^mim\zm^r^^z>\z[^rz(Dx. jEm/s 

liPR^2 4 aSa:2 4 bJlJ;^gift^»ffigBl 6 aRZf 

1 6 b cxi^j}m<^ < "ejftgp 2 0 tzg^r s c ii^^x 
[0 0 8 8] ^;^c. z:<Dmi(Dmm<ommiz:^\^^x\t. 

7-S*(DS@2 8Rr;3 0 ;{^^JE«/S^a 2 6 €:P^^^::S5^ 

xmr^^^^ mmmmm^^is) ^m^^2 2(D- 

10 Ut^^m^^l 6 aS.I/1 6 b(^~gBtCj&HtTiSM65J^ 

ftg5 2 0<7)-gg{r;&UtT?^^3cbfcJS'&. pJlftg? 2 0 <7)^ 
eKjf^;&^*HfIIB^aW^S)g8^i^ 1 8{rJ:oTS'lK^n. :t 
^t^^&.^%^^iLti^X^f^<U^^^ni)^^^fA. d 
<^JIJg(7)?^^Tti. fl5fB*SWI^Ifta5^^1 8^pJiftg5 2 
0 <hB^gK2 2(;)M^rtC;0H^}^i:l.^J:-5tr?^^bTl^^^c 
a?). ■sJi!igE2 OO^fiafP;&^*$iJK^n^<hl^^^^'&;0^ 
[HlM^n. "SJiigf 2 0cr)^i5:fi^:fc^<T^^<h;^^*7r€ 

So 

i'^? [0 0 8 9] pIi4gB2 0(7)-gBt3EEa/e^^^ 

2 4 a^ri^2 4 b^fl^^TS^'&^i. mffS^S&^ig^gS 
5^ 1 8 tJ^^^pJKSE 2 0(^— gg;!;^b8HSg5l 6 a:Ra^l 6 b 

<D-mzf)^\'^xw.m.'^^^^o\zw^^'r^^htim^\^ 
^nii. mm.mmmw^6^i8ti^m'&n2 2(D-mz 

^XiDtzr^Xm^-^n^h. A^rnVTz^olZs pI»lSB2 

[0 0 9 0] :!r.\z. :^um(Dmm\z%^mm/m,m'fn 
<x 1 oo:>it^^\.\^^mm.m\z^^^xmm't^o 

[0 0 9 1] pJij!}g?2 OcD^&ij!ifp^^^;^it)<D 

5£? t^^tzmz. jEm/s^^T2 4 asr/2 4 bcD^a 
mmm^^ i s t&^s^s? 2 2 ^ b < u-^m^ 2 0 

g ^^MSE 16a RtX 16b (Om^d (D1/2&. 

[0 0 9 21 -€-LT. »^g5l 6 aRrXl 6 b (DrtMPal 
(^S&ll (Xtt:^f^ilOSBI) ai:»ffi$gl 6 aSD^l 6 b 
C7)<^ (Y$i::^f^(D®gS) b (hcDit a/b;0^'O . 5-20 

tf^^^o\zm^'r^. s^lBita/b^l, »^i;<m 

-10t$n, Mt3Sf^L<Jt2-8<h$nSo ^(Oit 
a/h(DM'&m\t.. pTi!ja5 2 0<D^&«^:^#< X 

[0 0 9 3] SPSS? 2 0 <7>:g$ ( Z «:&fp| (7)Sg 

^) e <h^?ffigS 1 6 a J^D^l 6 btDrtHralO^Bia ^(7) 
J±e/aJc4Bl^Tt^. $?^L<tiO. 5-10ch$n. 
IEtc*?^b< tiO. 7 — 5 <h-rsC(h^^M^i^t^^o CCD 
i±e/a<D«5eMti. pTiftS5 2 0O^fiS^;^cir<T 

s iM\^^^>^'§-m&^m&Lx^^) h\^^^^^\zm^<m 
mx^^. 

50 [0 0 9 4] fifoT, z,<omM(omm\z%^ELmxmm, 
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^u^&^m'^n'om^^h'ir^\z\t.. jta/b^o. 5 

-^-2 0^1., f}^-D^ ite/a^O. 5 1 0 fzf ^ <!: 

Jte/a^O. 7~5 tzT^d^iT^^o 
[0 0 9 53 Mtw, TLSKl 2 (-y;H«<^)«J|s}. Cajx.«'> 

2 o<D^&m<Dm±it^m^^o\z\^x\r^^rz^. Mia 

[0 0 9 6] S/i. pJibgg 2 0 (Z):S^ ( Z c7)Sg 

'6i»g8 2 o<Dx^^^l^i]OH^tt<&?i«L. -eo^^s^ 

^^;^cJ:t)Oi:-r^;^cft?:)lCti. ^t^S? 1 6 aR^ 1 6 b cD 
[0 0 9 7] fcC^. SSS<7)||^ffiH, nJSf|gg2 O'NiT^gP 

[0 0 9 8] ^V^m\Z\t. mX\tmWLUl 6 a&C/l 6 
b CDF^gPeK^ffigi a tt. 10 0m 2 0 0 0 m mj^W 
^L<. Mt::Sf ^12 0 0 xim-- 1 0 0 0 MmT* 
^SSB 1 6 aS:t/l 6 bcDijiib^i. 50Mm-'20 
0 0 uTnf)m^\^<. Mtlff^L.<«l 0 0 Mm- 5 0 
0 /£m7?*^o »«gS 1 6 aRlXl 6 b OP.;?^^d ^1. Y 
CO ^fijsK^ T ^ ^ ^ 0 j^^^*?;6« W t3 mU T ^ 
-Sct-ptc. 1 6 aig^O^l 6 ba)«|iibchO^<^tz^ 

(.^Tb>d^$n. 2 /im— 1 0 0 Mm7j?W^Lx 

[0 0 9 9] 6 aRO^l 6 bcO:^^eti. 2 0 

0 Mm'- 3 0 0 0 /xm:^W^L<. MfC»^b<^13 0 
0 Mm'-2 0 0 0 umTab-So ^SbSB 2 0 CD:^^ f 
5 0 Mm'-2 0 0 0 um;&W^b<. MfCfiF^b<^ll 
0 0 fim-^ 1 0 0 0 umT^^c 

[0 10 0] c:coJ:-5»;5:tg^tiT'5C(hJ::<t 0. xfft;5 

&rf\znmx^^h\i^o^t:>ibxmnfz.^0}^^7r^^. ^ 
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[0 10 1] ^fc. CCDjES/e^iy^'AW X 1 0 

i!jgS2 0 <J:@^gS2 2;&«il:&*(Djfi^«^MbT*5 0. «I 
iigP2 0 <hH^aJ2 2(7)fi[I®;:>tjggS*r^<J:^tI-*fOS 
fiSB 1 6 aSD^l 6 b;^>^^^t^)nTl.^^fcJe), JES/tt 
MT'A'f X 1 0(7)Ytt:;^ffi](7)BlHt^MS^6?}{ziS<r^C 

[0 10 2] ip-^. 1 OT^^, 

(XZ^MF^) tw:fett'&pTi(lgB2 OOiftf^a).;^^^ 

[0 10 3] )k\z. :z(Dmm<Dmm\z%^Km/mm.y' 

n^T. i oo&«^S^t'-::3i^TSi§^-r^o 
[0 10 4] pjgja$2 0 ti, ±iElx;^ci^»n, mmMi 
6 aR(^l 6 b(7)igij!,»JcS-::^%^Tf^9!/T^gl55i'T^ 

0. jEm/m^x/wx 1 o<7)^ffi@wfciSi;Ta^<7) 

^ ^ ch f -5 M 7^^* ]^ 0 w t e n ^ o 
[0 10 5] mm^2 2\±. ±w\^rz^o\z. mWiW^i 

6 aSD^l 6 bMrXfC-STI&g62 0 ^^^T-5S?»"e* 
0. @^lfB2 2^M;^i^H5f2/\*~K5^f'X^ K^-i-ycD 

e^^';/ Hcoeg^de)jrfii^-r^^'^tcti. vcm (7t^ 

M^/K-fX 1 0 co^^^>0^*a^$n^p ccDS^gB 
2 2{C«, 0Uc^rJ:"5Jr, JES/ffi^*^2 4aR 
^2 4 b$:l^ij!i-r^;^«?)00ffl^3 2Si^3 A^cD^ay^ 

[ 0 .1 0 6 ] pjKjgg 2 0 Ri^s^SB 2 2 ^m^-r^i^w 

40 #air^^ ^X^»jaiC^li^Cch;O^T#^o 

i^;H3-7. mz^^itV)Vzi-T^^^^t't^ 

5^? -So 
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[0 10 7] ^tggB 1 6 aS^U 6 btl. ±a!U;^cJ:^ 

T. ifffiSBl 6 6 b(^)Jf^4^-t>*fg«. pJ^14^ 

[0 1 0 8] ^ffiffll 6 aRD^l 6 bCOi?;^dti. 2 ti 
m-l 0 0 MmgjS[<h-r^C<»:;&W^b<. WSSP 1 6 

aRZ^l 6 b <hjEm/e^^^2"4 aS:?/2 4 b ch^-^ 
iD'^fcM^\t7 Mm— 5 0 0 m m (hT ^ C ^T&^ff ^ L- 
l.^. ®@ 2 8 3 0 <DW^\% 0. 1 5 0 M m. EES 
2 6COjp^H3-3 0 0 /xm<h'r^C(h/{^W^ 
UV^o JiPSaSl 6 a&r>*l 6 bcDipibihLTli. 

5 0 /xiii'-'2 0 0 0 iimiMt^MX^^o 
[0 10 91 1 6 aRC^l Qh^m^t^ltmt 

LT«. pJiJ!3^2 0^S^gB2 2 <h|HHScO-t:^^^y^X 

3 - 7 ^ ^^£53^ ch -r ^ gg^i^^^^k :3 - z 

[0 110] ^tz. ^m^mxmm'r^m'^\z^. mm 

[0 111] mti^^^ti^jizi-ymmzm^^^iti^ 
it'^nrzh(D^m^i^^'^. m^. >^;u=i-7^^^{bai 

ZS\zm6^^^<\:^it^^t'^mt: LTti> g^fk-Y h U 
A. mt^ v'r)V\i^L.. ^fb-trUc^A, ^{b:^;i/S/'> 

-T\t^^m\z:^^^^\t.'^±\Z'ic^T^^t.\ZU^i)^. 

<h r -5 =1 7 co^^fbH T >S o 
[0 112] •^n^^tlcDfb'^^tT^T^JtoSchUT 

ti. ^{b-r *v h u ^ix'^mit^ -j^)v\^oix(om^\z$> 

oT^l, 1 — 3 0^;U%, Sf^b<i^l. S-lO^Jl/ 

mit'^^}Oix(r>m'^\z$>^x\^. 6-5 0^;i/%. 

:^^iyOM.(Dm^iZ$>-oX\t. 5-4 0^;!/%, »^b< 
fi5-2 0^;i^%<hT^il<h;(?^M^Ll^)&^ -^<o4»-efe 

4#tw^ib-f !y hooj^^^^<tmti.xmi'^^:i^i)^tff' 
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^b<. ^CD^^tZ:feV^Tti, 1. 5-10^;l/%. M 

fc. ^^Sai^J^cD?^^JP4^^L.T7;^^:^. >-U;^. il^ 
^KKIbife^^O. 0 5-2 0 w t %(7)SgfflT^lraf ^ 

c:<h7:i^pjfieT^^7:?^. Hfl/il^m^2 4 aSr/2 4 b 
^m^\t. 7;^s:^. v^:?^v'7. s^^sKfb^fe^^ 

[0 113] fcC^D. ^MW^S<h^^Lfc*SSffl;J?^*#6 

i^? n^j:otw, >>;wn-7cc>^i^^as^g^o. 0 5- 

3 ttm, iff * b< tie. 0 5-- 1 /im<h-r^Ci:7&^S^ 
bl^o ^fc, ±ijE<Dci:3«3. SffigSl 6 aSlXl 6 bH 
-r^v^T^i, pJ©jg?2 0Mr/tcS^^2 2 <t!^^cD-tr^^ 

m-'mm^m^^xm^'r^:iizf)\ m^^i^comm 

[0 114] J£mym^mi^2 4 a]S^tX2 4 bH. 'PU 

< t, 'bffim/smH 2 6 <h, ^mm/m^B 2 e 

^^i<Lm<D^mmzmn. &m<t\z^mx$>^tzib. c 

[0 115] m^^t. m 1 iz^-tJi-^iz. -'yj(Dmm2 
8, f±mxmmm 2 6Rzf myj(Dmm 3 o:fymmzmm 
^nrz&m/mmm^m^itfm\zmi^^^^t^^x€^\^ 

m3--m9\z^-r^3\z. ^$^mmzi.xh<^i^o 
[0 116] mt^s.mymmm^2 a a^iS2 a 
30 m 1 f:::^"r cfc o \z. nm/HM^/K-i' x 1 0 (D9vmm\z 
m&L't^:f5fimwLU\ 6 slSlui 6 h^^Kii^^<mm 

2<DF^iiMfrff^fi£UTt>j;<, mm./mm'fn^ 71 Q 
(Df^mM. pmm<Dm':^\zw^\^x^^\^^o 
[0 117] &m./mmm2 e\z\^. i±m'\Ly^y^7 
;6Wjgtcffliv^n^yO^ mm'^y ^ y ^ 7s^^mm{^'\z 
y^v^7. tb^\^^\t.wMmn,^'^y^v^7^m^^^ 

4^ ^)\- Y'T^7^ Y^^^o:^mm.^v Y(D^W^^m\z 

ffii^^^'&ti, ^mm2Q^(r>^^^t.wMm±jL\t^ti 

[0 118] ^i$^mutinti^x\t. i^)\^z2>mm. ^ 
xx^ra. '^>:fj>^>^7y^>mm. da;h--;^:/ 

50 X. -:t:/K;^U':7A^hU'?A. ^>3?JUg!XhD> 
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[0 1191 mz. im\i^m,m.m,WL^^%^t,i£mmwL^ 

^ ^ « ls[ j:^ 5g t - ^ (, ^ e n ^ o 

[0 12 01 BulB^t^t::, ^>^>, :^?;Ux»:7 i^? 

--^rf. r:^y^;k ^>:tf>, irU'^A. 

KUOA, ^>^;u, u^-^A, \±7s^7.. 7.xm<om. 

[0 12 11 ^i^tf, ^fi£5i^Tfe^f/;^zi>^jat'5^^ 
>^raj^O^*7^*t^v'^A-:t:/Kra{C. ^>^>"t='Xh 
DV^-jzA^^^r^-a-^Ccht-cfcO. tn:S#-^EE®#tt 

[0 1 2 21 U.^. >'U;^^cD:^'^x{bbB<.^;W«cD^ 
[0 1 2 31 EES/mii5^^2 4 a2^0^2 4 b (7) 

v^'^A, P>?"?A, m. XX, ^>i$^;U, ^>^7.^ 

2 6 fe^l^fiSffiSf 1 6 aS:i;i 6 b <h|t| i;«5^^5J^fi 
[0 12 41 f±mymmmi^2 4 a:S:r/2 A blZ^n^ 

mm 2 8 ar/ 3 0 jBEm/^Mi 2 6 (7)??^ 

1 6 b±j::-:;^(7)mii2 s^wmLfz^i^. B^-yj(Dmm . 
corns 2 stcti. EEm/m^g2 etT^j^^Kss 

E,mxmmm2 6^nmLtzm^z. m 

[0 12 51 ^tc. S@2 8S.D^3 Q<Dm^\t. {PU^^^ 

^'rj£mxmmm^2 4 ai^zS2 4 bco^e^^gT^ii- 
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ff^e!c$n^ms(3^i. mm^^zWimx'<^Dm\^^mf)m^ 

[0 12 61 :*tc. c<;)||J^c7:)ff^Sg(::li^jEm/m^7^ 
A*-rx 1 o<D{.^<^:fy^<Dmmyjm^m 1 5 A'-ii2 re 

[0 12 71 C(7)^18(Ofl^«tC^^aEm/mMT^AWX 
lOti, ^SB«(7)«^tt3^eir^^^:/i:7Xt JEH/ 
m^x/N'-YXl 0O;S^^^<hLT, ffia/Sli^^2 
4 aS:^/2 4 beK^<S^l 4, IP"^. ?f ffiSK 1 6 aS 
ni6h. @^^2 2RlfnJSsB2 OkZ-Dl^-^Xlt-^l^^ 

b<, JES/mMfgT2 4 a&L^^2 4 bem;i6 

i:bT, a-S^3 2Sr/3 4{''Dl>TJ^, ^SK-t>@M^ 

[01281 E^m/mmf/^'i x i o (omi^ i 4 tc^^^t 
[0 12 91 z.(Dm&.(^mm\z%^mm,/mM'f 7. 

1 OTJl, »ffia^l 6 a:S:I/l 6b<hS^gB2 2<hOJ^ 
(Jg^SK^^) m.n\znW.^ 1 6 a 1 6 b 

[0 13 01 JI^TfC7FrSit:;^ffiti> ^Mtt-^^ 
[0 13 11 J^T, fl:«:WfC**j5SOff^fit-<i§JE^/ 

hmt^/wx 1 0 (Dm 1 (DrnmyDt^iz^^^^xmrn-t 

:iCX. ^^f^tteLT43<. ±y^^y^^i)->iy- 

ft: 5 8 1 6 B#saj t^^b, c:cDir^^^> 

^^^^^719^^:6 0 m^iftmi imM) ^^mv. coy 

20, ^ISSP 1 6 aSr^l 6 bMaftCg5eS8 2 2 7&^-ft: 
fb^n;^cfe(7)e-t:^^ :yr:7S{*:i 4C (^18#fi§) t 

[0 1 3 21 ^fc, :i<Dm I (Dmm-:^mz^i^x\t. m 

mmziL^^ -y^mmi^e 0 ^^-yy'mmzmmi^x. 

mm^mmiz-r^rzisbiz. ms/sn^/N'-rx 1 0 

(0 l<H®Oeift:r'bTSi^r^o 

[0 13 31 ^-f, s^;unnT^(7:)-fe^s *y 

-r>y. »t^^j. -^mmm^^mimm^i^xx^^j 



(14) 

-fe^^ y i5^^U — h 5 0 A—S OD. 5 2 AStX 
5 2 B^ff-So 

[0 13 5] Ctie>-fe^5^y^^U.->v-N 5 0 A-^ 
SOD, 5 2 ARi;J5 2B«. ii>;5:< <hfemt;:?Lg5l 2 

CD-b^^ :y^^U->£^-h 5 0 A—S ODih. miZU 10 
«g8 1 6 aRtXl 6bt?^^ffi»ft (fl^J;ltf2«:) <D-fe 
^^'J — >>^— h 5 2 ARtXS 2B.h^*T^c 

[0 13 6] -^<7>^> ^16 BJc^-Tcfc-^tC. -t:^^ 
^^'J'->>^- h 5 2 AS^5 2 BTil^^ 'y^^U~ 
>>-— h 5 0 A— 5 0 D^S^5^0J::'5{CLT, Cine 
-fe^ a *y ^ ^U— h 5 0 A— SOD, S 2ARXf 

[0 13 71 ;^cJ::fe. ^H-^*:fbCD^cJ60iE«(Hl^'^JIl/y 

HK^^nj^v^o «3iici£;i;T. M^tf^SBs 4(;>?^ 

[0 1 3 81 '^M^ AO^mmt.. t-'^Tlnl— Tfe^i^^S 
[0 13 91 ^^iDA^;i<hT:, <J;0«B1t^ 5^? 

^^^y>:7^U->'>-K±tr^tj:. WJbT. 

h S 2 ARIXS 2 B;&^»l^JS'&lr«, y^:;^^^-/ 

[0 14 0] :kiiz. m 1 Tizf^T^o^z. ffifteir^^^y 
h 5 2 a:5^^5 2 B^^^mS^n^^c^Stcffi^T-sast:: 

^u->Bij^j?i. ^y ii>^:/s. ^*s> 
mpmrnm^m^p. <:^>ti-i^^. xA>y37'j>^ 

ffi (cvD) , ^^^m(Dmm^^m^m^^^z:^i^^x 50 
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[0 14 11 iiOcfcpTSi^ff^fies^fflv^TEEm/a^^ 

^24aSrX24b^J^«f^C^:tCcfcO> SlrSfl^ffl 
\*^^ZLhU<> EES/mii9^^2 4 a2&t;2 4 b t»« 

S61 6 aJ^lXl 6 bi:^-*&5Hig^, E^T^Cl^;^^ 

W^\Z^^Z.t.f>'^X^^. 
[0 14 2] c:<Z)«-&, J?ffi?^fSffiJCJ:»9jEm/S^* 

EES/«^^ 2 6 (DMmz^\.^xmmmA^^m^'^ti 

^i^SSO. 0 1-5 Mm.- iff^b<HO. 05- 
3 MmCO/ESir^a^y^XCTDS^^, m^^^&^t,-t^ 

-5 C (3 ck ^ T ^»;5:EE® ^ d <h # 
[0 14 31 S^^WffitS. M^i^V^SST. Ti;^ 

[0 14 41 fl:<*«JtC. EE®/®^m^2 4 ei^n2 4 
ho:>Mmz^\i^xmmt^o ir^^>yi5^^'J'-> 
SS^!^ 5 8 1 2 0 0 1:- 1 6 0 0 1 c7)Sg[Tj^fiE.. — 

mtx.x^zv^-j^mmvf^o^ntz^. s-ir^^^y^ 
6 0 (Dn^m<Dff\'^^m\z—^<Dmw. 2 s ^en 

j&J, a^^b, :;^:v^tf, jES/IMS 2 6 ^BiM. t^Efife 

2 4 aRr;^2 4 b^?^^-r^o ^(Dfg, S-H® 2 8 
S:i;^3 O€:IKi!»lHlKtcm^f^)lrlg)^t-^;^cJ60ST3 2 

[0 14 5] CICT, — >^(DSffi2 8 chUTS^ (P 

*t) . EEa/aiiB2 6 (hbT>^;Un>g^^^>^gi 

(PZT) , ^^(Dmm^ 0 L\^X^ (Au) , MtC. 
«T3 2X1)^3 4 t LTffi (Ag) i:l>"3<te»i::, S-SS 

^•r^<h. ^^m^^mz^y.'^x. ^n^ri\^j.mz^^ 
[0 14 61 tx^. m'^mm^m^^^z.t\z^y). 

EEm/eM^^2 4 a&lX2 4 b O^ggt* ^^g^ 3 2 
i;3 4<&3l:;>>:BlJ8'JbT, l IIIT-'f*:^S^T^C<i: t> pJffi 

Tfeo. E:m,/m^m2&^m^\^tzm:\z^u:v^mm 
^om^mn^z.t^x'^^. 

[0 14 71 ^fc, EEmXmmmi^2 4 al^ZS2 4b<D 

^m:it^^3 2iBLZS3 4\t. ^ ^^mmtkmco 
mmm^mz^-oxm^Rvxh^K. ckds^jc^, 

[01481 EES/mM^^ 24a RI^ 24b (D^^Z 
:tel'iT«, -fe^^^y;^i^U->SB<^S 8<7?M^®, EP 
-ir^^-y^7^U->'>-h5 2 AR^^S 2B<^#SI 
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2 4 aRrK2 4 b<h^|S|^trjK^"r-5e:<h'b»S b<ff 

mW 5 8 ^lEESXSM^-^ 2 4a R^/ 24b (^T^TCD 

;^cO. ftii:^cDa@3 0<^^<ffi(7);^fi5cM<hir^^^y^^• 
[0 14 9] mm/m^«^2 4 aRt/2 4 b<h-fe^^ 

^B2 6<^B9IE#:^-tr^.$^;/^^iJ->ffiSi*5 8©^ 
1 6 aSD^l 6 b, EEm/«Mg2 6, S^gK2 

ymm^ 5 8 (T^^ffi^r/xxtiHU/SMS 2 e (r^s?) ^ 

SS2 8 ^m^\^'Z^<^^^ts^h^. 
[0 1. 5 01 ^<^te(7)^rffi<i:UT«. ^ ^ u/ ^7 ^5?^ i J - 
>SSfr5 8(7)^i^;^cC<i:t>g^«tc»:Kg51 6 aRt^l 

2 4 aRt;2 4 b<^#SfiS;gT'$>^aS2 8Rr/3 0, 
[0 15 1] EEmXmM^^2 4 aS^2 4 b <Z)|gfi£^ 

t\.^ti^. —mz.\t. 5 0 ot:--! 5 0 ot:T*o, so 

/mMm 2 6 jcMbT^i. »^L< m 0 0 or- 1 4 

SXmii^^2 4 a:g^r/2 4 bti, 'Z^'Tl^h'ti^ ^ y ^ 

mmt^e o^i^<\t^±^^y^^i)->immi^s son 
[0 15 2] 'Alz. ±m(D^v\z\^T. j^mymmm^ 

2 4 a:RlX2 4 b7^i^?^^£$n;tir^^ -/^>SS#:6 OO 

^ mm ft- 6 o<Dmm^zm.u 5 4 \z^^iimi 27bm0^^ 

[0 15 3] 'A^^X. m 1 S^zmT^'D^Z. "5JS!jgB2 0 
I 6hmz^\zm^^2 2:^^-t^{[:'^tirzt^^y^m<^ 50 
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1 4\z^m/mmm=¥-2 4 a:&r>^2 4 b7;>^*ff^fig^nycjE 

[0 15 4] <hC5lr. ±5£l!0/£a/SMa'A*'i';?.<DS 
ig^rffifc:feV^TJi. -ft:«&^(CcJ:oT»ffig5l 6 aSt/^ 
1 6 b±t-ffie/mM5fe^ 2 4 aRt;2 4h^m^T^ 
cJ:'ptcLTV^^fcJ6, ^1 9 AJ;:^-rJ:r>^::, iS^P^Jr 

^c^EEm/mmm2 6<oi\sLm^-M(Dmm2 sRzfs 

0 tmmymmm 2 e mmzmm^ 1 e a srx 1 e b ^: 

(DmBmm(Dm\^^m\z^'oT. sssBieaR 
^ 1 6 b mis\zf^mxmmm^ 2 4a rz^ 2 4 bit. n 

^1 2iZl^:/}^'DXdhhrj:^^^\Zt>^Mz^it\^. wm 

mzm^7i)^^crz^m^f3ir). &m/mmm^2 4aR 
r52 4b m\zE.mymmm2 6) ^mm^i 6 aRzf^ 

1 6b\z\^m^^jt^ii^^%^L^-r<u^. 

[0 15 5] C<DmmSil 6 aRlfl 6 b^JEm/mH 

m^^i 6 aSD^i 6 b\zmi^(Dj^mymmm^ 

2 4 aiRZS2 4 b ^^J A(^lg«^TrM »9 ^t^-ti-^^-^ti 

t)^i;^o HP'S. ig»^i^@^<bt)b< ^i^^bl--^^ 

tc, «*SfI^(7)S<biRa|{3j:oT»ffigKl 6 aRO^l 6 

b ^jES/aUB 2 6 tCf^gB?^gfS:;^^75^*^*T^ <h i: 

[0156] c (D^^ii-cffim/mM^A-f x i o ^fig^ 
-r-Sct, &mxmmm2 6\zmmm^^±c^i^Th. 
'^m^2 o\zi^\^^xmM<D^&^7rki^f3i\^^m^^^$>^. 

cn«, JE«/S^S 2 6 c^«3lsf#ttSa^pJij!iSK 2 0 O 
^Slftf^?&t, B{ftB»ffiS5i 6 aRrJCl 6 b-^EES/SM 
B2 6 fr^iUTU^I^gBag/iS^jflctoTfia^^nT 

[ 0 1 5 7 ] d d 1 (^)aS3i:Sj£T«. 019 
AiZTik'tJ^olZ. pli[jgP2 0(7)4^/L^a55j^2 0 b^3f5£i|g 
Wl (^JAtf 1 0 0 /xm) ^t^l^-r^ Jt^tCbTl^ 
-So C:C0*'L^a553'2 0 bCO^I^tCct^T. ^19B^C^ 
*rj:^{C. •5J»iffl2 Ot::SU^f3*H«]-r^«M3 6 aStX 

3 6 b^m^^n^^^. mm^l e aRlfl e b'^KM 

ymmm2 6\z^±VTi^rc\^mM^}t^ti\z^z>x. z: 

n^>^®3 6 aS:^/3 6 b jfioX fc^ift 

^i4«<Z)#®M3 6 aRr;3 6 b(D<gt^, SaiBBf^E 
|}^W1 ^ 0^)^1.^01^ «S 2 c^m^E'tiW 2 (fisj^tf 3 0 
Mm) <h:^'5o 

[0 15 8] eitie-SSS 6 al^US 6 bco^ISti. ^ 
ffiggl 6 aSt;i 6 b-^iE^/mMS2 BfC^^UTl'^ 

^«?i*b^c«^,TBEa/iisi7^A-^x 1 0 ^mmr^ 
5^AW x^lt^t^^-rd^:^:;^-^»o z<Dm^\t. m^m2 
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\Z. S^a5 2 2JC5VUC^fp]-r^iii®3 6 a^^^I/S 6 b 

T^iS® 3 6 a 5: 1/3 6 h (D^mz^^XMW.'^n^Z, 
LLU^o ^HSi-r-SSSSS 6 aSD^S 6 blZ-^VV 

[0 15 9] mi TlC^T^^^^l %\Z7r^^mW.\Z^ 

[0 1 6 01 :^ 2 oS51;5ffiic-:::>i.^TS 2 o a- 
m2 2^^m\y'ts^ti^^m.^n't^. ^2 0AJc^'r 
ct'ptc, 'pni<t^^ik\z^w^i2^m^'r^^^b4ti^ 

y- V^ 0 A~5 ODi, mzll^l 2^m^'t^mU 
5 4 (hSl'^{C*[f^-r^«M3 6 aS:2/3 6 b^Wt-^pJ 

m^2 o^m^'t^fz^oym.w^i o o t7&^*^?^^^n 

;^c-tr^^'y:^^'U->f>-h 1 0 2 i:, mzmWi^l ^ 
alkXSl 6 b<h)^^ffi^e: (0iJx.tf2ft:) (O^'y^v^ 

[0 16 1] ^<7)^, ^ 2 0 Btd^-TJ^-^lI, ir-^^ *y 
^^U->>'- h 5 2 A]5:^5 2 BT-fe^ ^ — 
>5>'-h5 0 A-5 ODR^j^l 0 2^^^^ih:tS^^\Zly 
T. C:n^-fe^5^y^^U->5>'-h5 OA-5 OD, 
5 2 A&r/5 2 BSr;^l 0 2^«S • JE^UT, -fe^^ 

•fe^^ u/^i/'j'->v'- h 1 0 2 ^^^\z^m^'^xm 

#^^SMb. -^(D^vfSimt^^^'MCfSil^^^O^Z^^'^^ 40 

[0 16 21 'A\z. m2 1 \z7^t.^z)i^z. mm±:^^y 

h 5 2 fK^n^b 2 Bi)^mm-^ntcm:m\zm^^^^^\z, 
^n-^tiSrmm^(DE.mxmmmi^ 24a]s^r/24b^ 

l^^V. ^^tcj:oTJEm/SM^^ 2 4 a&D^2 4 b 
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m,/m,^m'=t\t^m(om^(D^\zm^\^x^^\^'^o z.ti 
m.v^-t^w.z^uw,A(Dmm-ij^x^nmxik^. 

[0 16 31 :!k\Z. ]±m/m,m.m^2 4 aS:I/2 4 b*^ 
?l^fiE$nfc-fe^^^y^«Sft:6 OCD-P"^. ^^IKSC1, 
C2. C 5 trS^-^T^^-r^c:(h(-J:D. -tr^ ^ -y^^fl 
S<*6 OcDffl!lg6<h5feSS6^«J^-r^o CO^I^tcJ:^ 
T, m2 2\Z7r^'r^o\Z. ir^S 4C{CBEm 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezo-electricity / electrostriction device characterized by providing the following The sheet 
metal section of a pair which carries out phase opposite Moving part It is the end face which It is the piezo- 
electricity / electrostriction device in which these sheet metal section and a fixed part which supports moving 
part were provided, one or more plezo-electriclty / electrostriction elements were arranged in at least one 
sheet metal section among the sheet metal sections of said pair, and a pore was formed with both walls of the 
sheet metal section of said pair, a wall of said moving part, and a wall of said fixed part, and either said 
moving part or a fixed part counters mutually, 

[Claim 2] The piezo-electricity / electrostriction device characterized by having the excision section in either 
said moving part or a fixed part, and said a part of excision section constituting said end face which counters 
mutually in piezo-electricity / electrostriction device according to claim 1 . 

[Claim 3] They are the piezo-electricity / electrostriction device characterized by consisting of ceramic bases 
which unify when said sheet metal section, said moving part, and said fixed part carry out coincidence baking 
of the ceramic green layered product in piezo-electricity / electrostriction device according to claim 1 or 2, and 
come to excise a still more unnecessary portion. 

[Claim 4] They are the piezo-electricity / electrostriction device which said piezo-electricity / electrostriction 
element are films-like in piezo-electricity / electrostriction device according to claim 3, and is characterized by 
baking uniting with said ceramic base. 

[Claim 5] The piezo-electricity / electrostriction device characterized by forming an opening between said end 
faces which counter mutually in piezo-electricity / electrostriction device given in any 1 term of claims 1-4. 
[Claim 6] The piezo-electricity / electrostriction device characterized by a different member from a 
configuration member of either said moving part or a fixed part between said end faces which counter 
mutually intervening in piezo-electricity / electrostriction device given in any 1 term of claims 1-4. 
[Claim 7] The piezo-electricity / electrostriction device characterized by said member being organic resin in 
piezo-electricity / electrostriction device according to claim 6. 

[Claim 8] The piezo-electricity / electrostriction device with which intemal residual stress produced for said 
sheet metal section, and/or said piezo-electricity / electrostriction element at the time of manufacture is 
characterized by having structure released by forming said end face which counters mutually in piezo- 
electricity / electrostriction device given in any 1 term of claims 1-7. 

[Claim 9] They are the piezo-electricity / electrostriction device characterized by having an electrode of a pair 
with which said piezo-electricity / electrostriction element were formed In piezo-electricity / electrostriction 
layer, and this piezo-electricity / electrostriction layer in piezo-electricity / electrostriction device given in any 1 
term of claims 1-8. 

[Claim 10] They are the piezo-electricity / electrostriction device characterized by having an electrode of a pair 
with which said piezo-electricity / electrostriction element were formed in both sides of piezo-electricity / 
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electrostriction layer, and this piezo-electriclty / electrostriction layer in piezo-electricity / electrostriction device 
given in any 1 term of claims 1-8, and forming one electrode in said sheet metal section at least among 
electrodes of this pair. 

[Claim 1 1] Said piezo-electricity / electrostriction element are the piezo-electriclty / electrostriction device 
characterized by plurality of an electrode of said piezo-electricity / electrostriction layer, and said pair 
consisting of laminating gestalten in piezo-electricity / electrostriction device according to claim 9 or 10. 
[Claim 12] The piezo-electricity / electrostriction device characterized by filling up any 1 term of claims 1-1 1 
with a gel material in the piezo-electricity / electrostriction device of a publication at said pore. 
[Claim 13] A manufacture method of of the piezo-electriclty / electrostriction device characterized by having a 
production process which forms said moving part or fixed part characterized by providing the following The 
sheet metal section of a pair which carries out phase opposite Moving part These sheet metal section and a 
fixed part which supports moving part are provided. Inside of the sheet metal section of said pair, It is the 
manufacture method of piezo-electricity / electrostriction device that one or more piezo-electricity / 
electrostriction elements were arranged in at least one sheet metal section, and a pore was formed with both 
walls of the sheet metal section of said pair, a wall of said moving part, and a wall of said fixed part. An end 
face which excises one predetermined part of the portions which serve as a portion which serves as said 
moving part, or a fixed part after producing said piezo-electricity / electrostriction element on said sheet metal 
at least, and counters mutually 

[Claim 14] With the sheet metal section of a pair which carries out phase opposite characterized by providing 
the following, and moving part These sheet metal section and a fixed part which supports moving part are 
provided. Inside of the sheet metal section of said pair. A manufacture method of piezo-electriclty / 
electrostriction device that one or more piezo-electricity / electrostriction elements were arranged in at least 
one sheet metal section, and a pore was formed with both walls of the sheet metal section of said pair, a wall 
of said moving part, and a wall of said fixed part A ceramic green sheet which has a window part for forming 
said pore at least behind A ceramic layered product production production process which really calcinates a 
ceramic green layered product containing a ceramic green sheet used as said sheet metal section behind, 
and produces a ceramic layered product A production process which forms said piezo-electricity / 
electrostriction element in an outside surface of a portion which serves as said sheet metal section among 
said ceramic layered products An excision production process which forms said moving part or fixed part 
which has at least said end face which counters mutually by at least one excision processing to a ceramic 
layered product in which said piezo-electricity / electrostriction element were formed 
[Claim 15] A manufacture method of of the piezo-electricity / electrostriction device according to claim 14 
characterized by providing the following Said ceramic layered product production production process is a 
ceramic green sheet which has a window part for forming said moving part or fixed part which has an end 
face which counters mutually at least. A ceramic green sheet which serves as said sheet metal section behind 

[Claim 16] A manufacture method of of the piezo-electricity / electrostriction device according to claim 14 or 
15 characterized by providing the following Said ceramic layered product production production process is a 
ceramic green sheet which has a window part for forming a portion used as a portion which serves as said 
moving part where a part of end face which counters mutually at least was connected, or said fixed part. A 
ceramic green sheet which serves as said sheet metal section behind 

[Claim 17] It is the manufacture method of of the piezo-electricity / electrostriction device characterized by 
including that said excision production process exposes said pore by excision processing to said ceramic 
layered product in a manufacture method of of piezo-electricity / electrostriction device given in any 1 term of 
claims 14-16. 

[Claim 18] A manufacture method of of the piezo-electricity / electrostriction device characterized by having a 
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production process which makes a configuration member of said moving part, and a different member 
intervene between said end faces which counter mutually in a manufacture method of of piezo-electricity / 
electrostrictlon device given in any 1 term of claims 13-17. 

[Claim 19] A manufacture method of of the piezo-electricity / electrostrictlon device characterized by using 
organic resin as said member in a manufacture method of of piezo-electricity / electrostrictlon device 
according to claim 18. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About piezo-electricity / electrostriction device equipped with 
the moving part which operates based on displacement actuation of piezo-electricity / electrostriction element 
or the piezo-electricity / electrostriction device which can detect the displacement of moving part by piezo- 
electricity / electrostriction element, and its manufacture method, in detail, this invention is excellent in 
reinforcement, shock resistance, and moisture resistance, and relates to the piezo-electricity / electrostriction 
device which can operate moving part greatly efficiently, and its manufacture method. 
[0002] 

[Description of the Prior Art] Recently, in fields, such as optics, and magnetic recording, precision processing, 
the displacement element which can adjust the optical path length and a location is needed to submicron 
order, and development of the displacement element using the displacement by the inverse piezoelectric 
effect and electrostrictive effect which are caused when voltage is impressed to piezo-electricity / 
electrostriction materials (for example, ferroelectric etc.) Is furthered. 

[0003] Conventionally, as such a displacement element, as shown, for example in drawing 37 , by forming a 
pore 202 in the plate 200 which consists of piezo-electricity / an electrostriction material, a fixed part 204, 
moving part 206, and the beam section 208 that supports these are formed in one, and the electrostrictive 
actuator which formed the electrode layer 210 In the beam section 208 is indicated further (for example, refer 
to JP. 10-1 36665, A). 

[0004] if voltage is impressed to the electrode layer 210. since the beam section 208 expands and contracts 
according to an inverse piezoelectric effect or an electrostrictive effect in said electrostrictive actuator in the 
direction which connects a fixed part 204 and moving part 206 - moving part 206 - the Inside of the field of a 
plate 200 - setting - an arc - it Is possible displacement or to carry out rotation displacement. 
[0005] The technology of performing highly precise positioning at a high speed Is indicated, and the structure 
used making the bimorph of two sheets counter is shown to this official report (especially drawing 4) by by 
dividing the electrode of that bimorph, preparing, and on the other hand, choosing and driving the divided 
electrode about the actuator which used bimorph for JP,63-64640,A. 
[0006] 

[Problem(s) to be Solved by the Invention] However, In said electrostrictive actuator, since the displacement 
of the flexible direction (namely, field inboard of a plate 200) of piezo-electricity / electrostriction material was 
transmitted to moving part 206 as it was, there was a problem that the travel of moving part 206 was small. 
[0007] Moreover, since It constituted all portions with the piezo-electricity / electrostriction material which is a 
brittle and comparatively heavy material, the mechanical strength of the electrostrictive actuator was low, in 
addition to being inferior to handling nature, shock resistance, and moisture resistance, its electrostrictive 
actuator itself was heavy, and it had the trouble of being easy to be influenced on actuation of a harmful 
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vibration (for example, residual vibration and noise vibration at the time of a fast operation). 
[0008] In order to solve said trouble, filling up a pore 202 with the filler which has flexibility is proposed, but it 
is distinct that the amount of the displacement by the inverse piezoelectric effect or the electrostrictive effect 
falls only by using a filler. 

[0009] Furthermore, the actuator indicated by said JP.63-64640,A It adds to sticking bimorph to a holddown 
member or a junction member. Since it is the thing of the structure which comes to stick the two own piezo- 
electric child of bimorph, it is easy to remain the stress resulting from those attachment, heat-treatment, 
hardening contraction of adhesives concerning lamination, etc. with the internal residual stress Displacement 
actuation is barred and there is a possibility that the displacement as layout and resonance frequency may be 
unrealizable. Especially, when an actuator is small in size, the effect of adhesives will become large naturally. 
[0010] Then, as a method of eliminating the effect of the adhesives concerning attachment, an actuator is 
constituted from an one baking object of the ceramics, and it is possible to consider as the structure which 
does not use adhesives. However, a possibility that internal residual stress may occur must have been 
escaped also in this case by the difference in the heat shrink action of each part material at the time of baking. 

[001 1] Furthermore, when an actuator was small in size, it was inherent in the problem that the stability of the 
actuator and the attachment nature of other components to an actuator fall. 

[0012] This invention is made in consideration of such a technical problem. Lightweight-izing of a device, 
While being able to raise the attachment nature of the components to moving part, or the stability of a device 
in the handling nature list of lightweight-izing of moving part or a fixed part, and a device and being able to 
displace moving part greatly by the low battery relatively by this especially Can make improvement in the 
speed (raise in resonance frequency) of a device, especially displacement actuation of moving part attain, 
moreover, are hard to be influenced of a hamiful vibration, and a high-speed response is possible. A 
mechanical strength is high and it aims at offering the piezo-electricity / electrostriction device which can 
obtain the displacement element excellent in handling nature, shock resistance, and moisture resistance, and 
the sensor element which can detect vibration of moving part with a sufficient precision in a list, and its 
manufacture method. 
[0013] 

[Means for Solving the Problem] This invention possesses the sheet metal section of a pair which carries out 
phase opposite, moving part, these sheet metal section, and a fixed part that supports moving part. One or 
more piezo-electricity / electrostriction elements are arranged in at least one sheet metal section among the 
sheet metal sections of said pair. It is the piezo-electricity / electrostriction device in which a pore was formed 
with both walls of the sheet metal section of said pair, a wall of said moving part, and a wall of said fixed part, 
and either said moving part or a fixed part is characterized by having an end face which counters mutually. 
[0014] Said moving part, a fixed part, and the sheet metal section may be constituted using ceramics or a 
metal, can also constitute each part from ceramic materials, or can also constitute it from metallic materials. 
Furthermore, it can also constitute as hybrid construction which combined what was manufactured from 
ceramics and a metaled material. 

[0015] And the excision section is prepared In either said moving part or a fixed part, and you may make it 
said a part of excision section constitute said end face which counters mutually. Furthermore, it unifies by 
canying out coincidence baking of the ceramic green layered product, and you may make it constitute said 
sheet metal section, said moving part, and said fixed part from a ceramic base which comes to excise a still 
more unnecessary portion. Moreover, said piezo-electricity / electrostriction element are made into the shape 
of a film, and you may make it unite with said ceramic base by baking. 

[0016] In this case, said piezo-electricity / electrostriction element can have and constitute piezo-electricity / 
electrostriction layer, and an electrode of a pair formed in this piezo-electricity / electrostriction layer. 
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Moreover, said piezo-electricity / electrostrictlon element have piezo-electricity / electrostriction layer, and an 
electrode of a pair formed in both sides of this piezo-electricity / electrostriction layer, and you may make it 
form one electrode in said sheet metal section at least among electrodes of this pair. In this case, vibration by 
piezo-electricity / electrostriction element can be efficiently transmitted to moving part or a fixed part through 
the sheet metal section, and improvement in responsibility can be aimed at. As for especially said piezo- 
electricity / electrostriction element, it is desirable that an electrode of said piezo-electricity / electrostriction 
layer, and said pair consists of two or more laminatings gestalten. 

[0017] While generating force of piezo-electricity / electrostriction element increases and has and about is 
planned very much by making it such a configuration, high resonance frequency-ization is attained and there 
is the feature that improvement in the speed of displacement actuation can be attained easily because the 
rigidity of the device itself increases, 

[0018] And a member which is good also as an opening and is different from a configuration member of said 
moving part between said end faces which counter mutually in between said end faces which counter 
mutually. Glass, cement, organic resin, etc. are mentioned. Preferably For example, organic resin, For 
example, you may make it make such mixture, such as an epoxy system, acrylic, a polyimide system, a 
phenol system, a silicone system, a terpene system, a xylene system, a styrene system, a melamine system, 
an methacrylic system, and a rubber system, or a copolymer intervene. It is desirable to make organic resin of 
an epoxy system, acrylic, and an methacrylic system etc. intervene from points, such as cementation nature, 
handling nature, and hardness, especially. Furthenmore. it is desirable to also make fillers, such as an 
inorganic material, mix in order to raise a degree of hardness. 

[0019] It becomes possible to raise resonance frequency, without reducing the amount of displacement of 
moving part or a fixed part, since it can make a member lighter than a configuration member of said moving 
part or a fixed part able to intervene between said end faces which counter mutually or lightweight-ization of 
moving part or a fixed part can be effectively attained by joining between end faces by said member, when 
between said end faces which counter mutually was especially made Into an opening. In addition, as for said 
member, it is desirable to consider as a hard material from a viewpoint of high resonance frequency. 
[0020] Moreover, when between said end faces which counter mutually is made into an opening, a part of 
moving part containing one end face or fixed part, and moving part including an other-end side or another part 
of a fixed part becomes easy to bend, and it becomes strong to deformation. Therefore, it will excel in the 
handling nature of piezo-electricity / electrostriction device. 

[0021] Furthermore, surface area of moving part or a fixed part becomes large by existence of said end face 
which counters mutually. Therefore, when it considers as moving part which has an end face which counters 
mutually and attaches other components in moving part, the large clamp-face product can be taken and the 
attachment nature of components can be raised. Here, considering a case where components are fixed with 
adheslves etc., since adhesives will spread even round an end face besides one principal plane of moving 
part, they become possible [ canceling lack of spreading of adhesives etc. ], and can fix components certainly. 

[0022] When it considers as a fixed part which has an end face which counters mutually on the other hand, it 
becomes possible to fix firmly the piezo-electricity / electrostriction device concerning this invention to a 
predetermined fixed portion, and Improvement in reliability can be aimed at. 

[0023] In this invention, the attachment nature of components to moving part and the stability of a device can 
be raised also in lightweight-izing of a device in the handling nature of lightweight-izing of moving part or a 
fixed part, and a device, and a list. Thus, by this While being able to displace moving part greatly, can make 
improvement in the speed (raise in resonance frequency) of displacement actuation of moving part attain, 
moreover, are hard to be influenced of a harmful vibration, and a high-speed response is possible. A 
mechanical strength is high and a displacement element excellent in handling nature, shock resistance, and 
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moisture resistance and a sensor element which can detect vibration of moving part with a sufficient precision 
in a list can be obtained. 

[0024] By the way. in manufacture of piezo-electricity / electrostriction device, by baking etc., when piezo- 
electricity / electrostriction element is formed for example, in a ceramic layered product (what carried out the 
laminating of the ceramic green sheet, and really calcinated it), internal residual stress will really using 
lamination or the film forming method mentioned later occur into a portion used as piezo-electricity / 
electrostriction element, and/or the sheet metal section, for example. Especially when really forming piezo- 
electricity / electrostriction element in a ceramic layered product by baking, it becomes easy to generate 
internal residual stress into a portion which serves as piezo-electricity / electrostriction element, and/or the 
sheet metal section by contraction of a configuration member and a difference in coefficient of thermal 
expansion which are produced at the time of baking. 

[0025] And an unnecessary portion was excised among said ceramic layered products, and when it considers 
as a ceramic base which has moving part, a fixed part, and the sheet metal section, internal residual stress 
remains in piezo-electricity / electrostriction element, and/or the sheet metal section. 

[0026] If piezo-electricity / electrostriction device is produced and used from this condition, even If it makes the 
piezo-electricity / electrostriction layer which constitutes piezo-electricity / electrostriction element produce 
predetermined electric field, desired displacement may not be shown in moving part. This is because the 
material property of piezo-electricity / electrostriction layer and displacement actuation of moving part are 
checked by internal residual stress generated in piezo-electricity / electrostriction element, and/or said sheet 
metal section. 

[0027] Since he is trying to prepare an end face which counters either moving part or a fixed part mutually, 
distance between end faces will be shortened by this invention, for example with internal residual stress 
generated in said piezo-electricity / electrostriction element, and/or the sheet metal section. That is, internal 
residual stress produced in piezo-electricity / electrostriction element, and/or the sheet metal section will be 
released by migration of an end face. 

[0028] Therefore, it Is lost that displacement actuation of moving part is checked by said internal residual 
stress, and displacement actuation of moving part as layout can be obtained mostly. In addition, improvement 
in mechanical strength of a device can also be aimed at by release of this stress. 

[0029] Moreover, you may make it fill up said pore with a gel material in above-mentioned invention, in this 
case - usually - existence of a filler ~ displacement of moving part - displacement of lightweight-lzing 
accompanying [ although actuation will receive a limit ] formation of an end face to moving part or a fixed part 
in above-mentioned invention, or moving part ~ displacement of moving part according to said filler since he 
is trying to attain increase-ization of an amount - a limit of operation is negated and an effect by existence of 
a filler, i.e., a raise in resonance frequency, and rigid reservation can realize. 

[0030] Next, this invention possesses the sheet metal section of a pair which carries out phase opposite, 
moving part, these sheet metal section, and a fixed part that supports moving part. One or more piezo- 
electricity / electrostriction elements are an^anged in at least one sheet metal section among the sheet metal 
sections of said pair. It is the manufacture method of piezo-electricity / electrostriction device that a pore was 
formed with both walls of the sheet metal section of said pair, a wall of said moving part, and a wall of said 
fixed part. After producing said piezo-electricity / electrostriction element at least, it is characterized by 
excising one predetermined part of the portions used as a portion which serves as said moving part, or a fixed 
part, and having a production process which forms said moving part or fixed part which has an end face which 
counters mutually. 

[0031] internal residual stress generated in piezo-electricity / electrostriction element, and/or the sheet metal 
section at the time of manufacture since moving part or a fixed part which has an end face which counters 
mutually would be prepared - distance between end faces - since [ for example, ] it will be released by being 
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shortened - displacement of moving part - actuation is not checked by said internal residual stress 
[0032] After creating piezo-electricity / electrostriction element here, the condition that piezo-electricity / 
electrostriction layer was formed at least is shown, and after performing excision for forming moving part or a 
fixed part which has an end face which counters mutually to an electrode formed after formation of piezo- 
electricity / electrostriction layer, you may make it form. 

[0033] Moreover, without reducing the amount of displacement of moving part, since moving part or a fixed 
part is lightweight-ized by preparing moving part or a fixed part which has an end face which counters 
mutually, the piezo-electricity / electrostriction device which becomes possible [ raising resonance frequency ] 
can be manufactured easily efficiently, and fertilization of the piezo-electricity / electrostriction device of high 
performance can be realized. 

[0034] And since moving part or a fixed part becomes easy to bend and it becomes strong to deformation. It 
will excel in the handling nature of piezo-electricity / electrostriction device. By existence of said end face 
which counters mutually Surface area of moving part or a fixed part becomes large, when it fixes to a 
predetermined fixed part a case where other components are attached In moving part, and a device, the large 
clamp-face product and fixed area can be taken, and the stability of a device can be raised In an attachment 
nature list of components. 

[0035] Moreover, this invention possesses the sheet metal section of a pair which carries out phase opposite, 
moving part, these sheet metal section, and a fixed part that supports moving part. One or more piezo- 
electricity / electrostriction elements are arranged in at least one sheet metal section among the sheet metal 
sections of said pair. It is the manufacture method of piezo-electricity / electrostriction device that a pore was 
formed with both walls of the sheet metal section of said pair, a wall of said moving part, and a wall of said 
fixed part. A ceramic green sheet which has a window part for forming said pore at least behind. A ceramic 
green layered product containing a ceramic green sheet used as said sheet metal section is really calcinated 
behind. A ceramic layered product production production process which produces a ceramic layered product, 
and a production process which forms said piezo-electricity / electrostriction element in an outside surface of 
a portion which serves as said sheet metal section among said ceramic layered products, It is characterized 
by including an excision production process which forms said moving part or fixed part which has at least said 
end face which counters mutually by at least one excision processing to a ceramic layered product in which 
said piezo-electricity / electrostriction element were formed. 

[0036] This sets to manufacture of piezo-electricity / electrostriction device. Especially by baking Since 
internal residual stress generated In piezo-electricity / electrostriction element, and/or the sheet metal section 
can be effectively released when piezo-electricity / electrostriction element is formed In a ceramic layered 
product, [ when producing piezo-electricity / electrostriction device using a ceramic green sheet laminated 
layers method ] The attachment nature of components to moving part and the stability of a device can be 
raised in the handling nature of lightweight-izing of moving part or a fixed part, and a device, and a list. and. 
thereby, moving part can be displaced greatly also in lightweight-izing of a device. 
[0037] And a ceramic green sheet which has a window part for said ceramic layered product production 
production process to form said moving part or fixed part which has an end face which counters mutually at 
least, A ceramic green layered product containing a ceramic green sheet used as said sheet metal section is 
really calcinated behind, and said ceramic layered product is produced. Said excision production process You 
may make it form said moving part or fixed part which has at least said end face which counters mutually by 
excision processing to a ceramic layered product in which said piezo-electricity / electrostriction element were 
formed. 

[0038] Moreover, a ceramic green sheet which has a window part for said ceramic layered product production 
production process to fonm a portion used as a portion which serves as said moving part where a part of end 
face which counters mutually at least was connected, or said fixed part, A ceramic green layered product 
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containing a ceramic green sheet used as said sheet metal section is really calcinated behind, and said 
ceramic layered product is produced. Said excision production process By excision processing to said 
ceramic layered product In which said piezo-electriclty / electrostriction element were formed A portion used 
as a portion which serves as said moving part where a part of end face which counters mutually at least was 
connected, or a fixed part is formed, and you may make it form said moving part or fixed part which has an 
end face which excises said joining segment and counters mutually further. 

[0039] In these manufacture methods, in said excision production process, it combines exposing said pore 
and may be made to perform it by excision processing to said ceramic layered product. In this case, it may be 
made to perform formation of said moving part which has an end face which counters mutually, or a fixed part, 
and formation of a pore to coincidence, and that sequence is not asked, 

[0040] In addition, you may make it include a production process which makes a configuration member of said 

moving part, and a different member intervene between said end faces which counter mutually. 

[0041] According to the piezo-electricity / the electrostriction device concerning this Invention, therefore, 

various transducers, Various actuators, a frequency-domain functional part (filter), a transformer. Others 

[ active elements /, such as an object for a communication link, vibrator for power, a resonator, a radiator, and 

a discriminator, ], It can use as sensor elements for [ various ] sensors, such as an ultrasonic sensor, an 

acceleration sensor and an angular-velocity sensor, and an impact sensor, a mass sensor. It can use suitable 

for various actuators especially used for displacement of various precision components, such as an optical 

instrument and a precision mechanical equipment, etc., or a device of positioning adjustment and angle 

adjustment. 

[0042] 

[Embodiment of the Invention] Hereafter, the example of a gestalt of operation of the piezo-electricity / 
electrostriction device concerning this invention, and its manufacture method is explained, refening to drawing 

1! - drawing 36 . 

[0043] Here, piezo-electricity / electrostriction device is concepts which include the element which changes 
electric energy and mechanical energy mutually by piezo-electricity / electrostriction element. Therefore, it is 
used most suitably as active elements, such as various actuators and vibrator, and a displacement element 
which used the displacement by the inverse piezoelectric effect or the electrostrictive effect especially, and 
also may be suitably used as passive elements, such as an acceleration-sensor element and an impact 
sensor element. 

[0044] As shown in drawing 1 , the piezo-electricity / electrostriction device 10 concerning the gestalt of this 
operation present the configuration of a long rectangular parallelepiped as a whole, and has the base 14 of 
that direction of a major axis with which the pore 12 was mostly formed in a part for a center section. 
[0045] A base 14 possesses the sheet metal sections 16a and 16b of the pair which carries out phase 
opposite, moving part 20, and the fixed part 22 that supports moving part 20 in sheet metal section 16a of 
said pair, and 16b list, and piezo-electricity / electrostriction elements 24a and 24b are formed in the one 
section each of the sheet metal sections 16a and 16b at least, respectively. 

[0046] About this base 14, although the whole was constituted using the ceramics or a metal, it is good also 
as hybrid construction which combined what was manufactured with the material of others, the ceramics, and 
a metal. ' 

[0047] Moreover, as for a base 14, it is desirable to constitute a base 14 from a ceramic layered product which 
could adopt the configuration of the metal integral construction unified by the structure of coming to paste up 
each part with adheslves, such as organic resin and glass, the ceramic integral construction which comes to 
unify a ceramic green layered product by baking, low attachment, soldering, eutectic bonding, or welding, and 
unified the ceramic green layered product by baking preferably. 

[0048] Since a change of state with time hardly arises from not being placed between the joints of each part 
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by adhesives, such a unification object of the ceramics can be easily manufactured with the ceramic green 
sheet laminated layers method which the reliability like a joint mentions later in addition to being high and 
structure advantageous to rigid reservation. 

[0049] And piezo-electricity / electrostriction elements 24a and 24b will prepare piezo-electricity / 
electrostriction elements 24a and 24b as an exception object as below-mentioned, and will be stuck on a base 
14 by adhesives, such as organic resin and glass, low attachment, soldering, eutectic bonding, etc., and also 
they will be formed in said the direct base 14 instead of attachment by using the film forming method. 
[0050] Moreover. It has the configuration which said rectangle-like pore 12 is formed of both the walls of the 
sheet metal sections 16a and 16b of a pair, wall 20a of moving part 20. and wall 22a of a fixed part 22, and 
moving part 20 displaces this piezo-electricity / electrostriction device 10 by the drive of said piezo-electricity / 
electrostriction element 24a, and/or 24b, or detects the displacement of moving part 20 by piezo-electricity / 
electrostriction element 24a, and/or 24b. 

[0051] Piezo-electricity / electrostriction elements 24a and 24b have piezo-electricity / electrostriction layer 26. 
and the electrodes 28 and 30 of the pair formed in the both sides of this piezo-electricity / electrostriction layer 
26, and are constituted, and one electrode 28 is formed in the sheet metal sections 16a and 16b of a pair at 
least among the electrodes 28 and 30 of this pair. 

[0052] Each apical surface of piezo-electricity / electrostriction layer 26 is mostly equal to the electrode 28 and 
30 lists of a pair which constitute piezo-electricity / electrostriction elements 24a and 24b from an example of 
drawing 1 . From a part of outside surface of a fixed part 22, the amount of [ of these piezo-electricity / 
electrostriction elements 24a and 24b / 18 (portion to which the electrodes 28 and 30 of a pair lap on both 
sides of piezo-electricity / electrostriction layer 26 in between) ] substantial mechanical component applies to 
a part of outside surface of the sheet metal sections 16a and 16b, and it is formed continuously. Especially, in 
this example, each apical surface of the electrodes 28 and 30 of a pair is located in back end approach more 
slightly than wall 20a of moving part 20. Of course, you may make it form piezo-electricity / electrostriction 
elements 24a and 24b so that it may be applied and located in a part of sheet metal sections 16a and 16b by 
the amount of [ 18 ] said substantial mechanical component from some moving part 20. 
[0053] And in the piezo-electricity / electrostriction device 10 concerning the gestalt of above-mentioned 
operation, as shown in drawing 1 . the end faces 36a and 36b which counter moving part 20 mutually are 
formed and constituted. Each end faces 36a and 36b are fields almost parallel to the side, I.e., the element 
forming face, of moving part 20, and they are mutually separated from the upper surface of moving part 20, 
applying them to a pore 12. It is desirable to make almost equal distance La and Lb from the medial axis n of 
moving part 20 to each end faces 36a and 36b so that it may be shown at this time, for example, drawing 1 1 . 
[0054] Moreover, you may make it make an opening (air) 38 intervene, and may make it make the member 40 
which consists of a different member from the configuration member of said moving part 20 among these end 
faces 36a and 36b, for example, resin etc., like the piezo-electricity / electrostriction device lOg concerning 
the 7th modification shown in drawing 8 intervene among these end faces 36a and 36b, as shown in drawing 
1. 

[0055] In addition, impression of the voltage to the electrodes 28 and 30 of a pair is performed through the 
terminals (pad) 32 and 34 formed on the both-sides side (element forming face) of a fixed part 22 among each 
electrodes 28 and 30, respectively. The terminal 32 corresponding to one electrode 28 in the location of each 
tenminals 32 and 34 is fonmed in the back end approach of a fixed part 22. and the terminal 34 conresponding 
to the electrode 30 of another side by the side of outer space is formed in the wall 22a approach of a fixed 
part 22. 

[0056] In this case, immobilization of piezo-electricity / electrostriction device 10 can be separately performed 
using a field other than the field where terminals 32 and 34 have been arranged, respectively, and high 
reliability can be acquired as a result to the both sides of immobilization of piezo-electricity / electrostricfion 
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device 10, and the electrical installation between a circuit, a terminal 32, and 34. In this configuration, 
electrical installation of terminals 32 and 34 and a circuit is performed by a flexible printed circuit (called FPC), 
a flexible flat cable (called FFC), wirebonding, etc. 

[0057] As a configuration of piezo-electricity / electrostriction elements 24a and 24b Like the piezo-electricity / 
electrostriction device 10a concerning the 1st modification shown in drawing 2 besides the configuration 
shown in drawing 1 Each point of the electrodes 28 and 30 of the pair which constitutes piezo-electricity / 
electrostriction elements 24a and 24b is arranged. Like the piezo-electricity / electrostriction device 10b 
concerning the 2nd modification which you may make it make only the point of plezo-electriclty / 
electrostriction layer 26 project to a moving-part 20 side, and Is shown in drawing 3 Each point of one 
electrode 28, and the piezo-electricity / electrostriction layer 26 is arranged, and you may make it locate only 
the point of the electrode 30 of another side in fixed part 22 approach. In the piezo-electricity / electrostriction 
device 10b shown in this drawing 3 , the example which formed the end faces 36a and 36b which counter a 
fixed part 22 mutually Instead of moving part 20 Is shown. 

[0058] in addition, the piezo-electricity / electrostriction device 10c concerning the 3rd modification shown in 
drawing 4 - like - each point of one electrode 28, and the piezo-electricity / electrostriction layer 26 - the side 
of moving part 20 ~ extending - the point of the electrode 30 of another side - the length direction (Z shaft 
orientations) of the sheet metal sections 16a and 16b ~ you may make it make it mostly located in the center 
[0059] Although the electrodes 28 and 30 of the piezo-electricity / electrostriction layer 26 of 1 layer structure, 
and a pair constituted piezo-electricity / electrostriction elements 24a and 24b from the above-mentioned 
example, it is also desirable to carry out the plurality of the electrodes 28 and 30 of piezo-electricity / 
electrostriction layer 26, and a pair at a laminating gestalt, and to constitute piezo-electricity / electrostriction 
elements 24a and 24b. 

[0060] for example, like the piezo-electricity / electrostriction device 10d concerning the 4th modification 
shown in drawing 5 Make the electrodes 28 and 30 of a pair into multilayer structure at piezo-electricity / 
electrostriction layer 26 list, respectively, and the laminating of one electrode 28 and the electrode 30 of 
another side is carried out by turns, respectively. It is good also as the piezo-electricity / electrostriction 
elements 24a and 24b by which the portion (a part for the substantial mechanical component 18) to which the 
electrode 28 of these pairs and the electrode 30 of another side lap on both sides of piezo-electricity / 
electrostriction layer 26 in between was considered as the multistage configuration. In this drawing 5 , make 
piezo-electricity / electrostriction layer 26 into a three-tiered structure, and separate into the inferior surface of 
tongue (side of the sheet metal sections 16a and 16b) of the 1st layer, and the upper surface of a two-layer 
eye. respectively, and one electrode 28 Is formed in them. It separates into the upper surface of the 1st layer, 
and the upper surface of the 3rd layer, respectively, the electrode 30 of another side Is formed In them, and 
the example which formed Terminals 32a and 32b in each edge of one electrode 28, respectively, and formed 
Terminals 34a and 34b in each edge of the electrode 30 of another side, respectively is shown further. 
[0061] moreover, like the piezo-electricity / electrostriction device lOe concerning the 5th modification shown 
In drawing 6 The electrodes 28 and 30 of a pair are made into multilayer structure at plezo-electriclty / 
electrostriction layer 26 list, respectively. The laminating of one electrode 28 and the electrode 30 of another 
side is alternately carried out, respectively so that it may become cross-section **** ctenidium-like. It is good 
also as the piezo-electricity / electrostriction elements 24a and 24b by which the portion (a part for the 
substantial mechanical component 18) to which the electrode 28 of these pairs and the electrode 30 of 
another side lap on both sides of piezo-electricity / electrostriction layer 26 in between was considered as the 
multistage configuration. This drawing 6 shows the example which made piezo-electricity / electrostriction 
layer 26 the three-tiered structure, formed in the shape of a ctenidium so that one electrode 28 might be 
located in the inferior surface of tongue (side of the sheet metal sections 16a and 16b) of the 1st layer, and 
the upper surface of a two-layer eye. and was formed In the shape of a ctenidium so that the electrode 30 of 
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another side might be located in the upper surface of the 1st layer, and the upper surface of the 3rd layer. 
Since the number of terminals 32 and 34 can be reduced compared with the configuration of drawing 5 by 
carrying out the bond communalization of the electrode 30 comrades of another side, respectively in one 
electrode 28 list in this configuration, enlargement of the size accompanying multilayering of piezo-electricity / 
electrostriction elements 24a and 24b can be suppressed. 

[0062] Moreover, you may make it form piezo-electricity / electrostriction elements 24a and 24b in other 
examples of the piezo-electricity / electrostriction device 10e concerning said 5th modification so that the point 
may remain on sheet metal section 16a and 16b as shown in drawing 7 . the example of drawing 7 - the point 
of piezo-electricity / electrostriction elements 24a and 24b - method ** of length of the sheet metal section - 
the example mostly located in the center section is shown. In this case, there is an advantage that 
displacement of the moving part 20 can be carried out greatly. 

[0063] moreover, like the piezo-electricity / electrostriction device lOf concerning the 6th modification shown in 
drawing 8 The piezo-electricity / electrostriction element 24a1 of two multistage configurations, and 24b1 are 
formed so that a fixed part 22 and the sheet metal sections 16a and 16b may be straddled, respectively. You 
may make it form the piezo-electricity / electrostriction element 24a2 of other two multistage configurations, 
and 24b2 so that moving part 20 and the sheet metal sections 16a and 16b may be straddled, respectively. In 
this case, it becomes what could be made to carry out displacement of the moving part 20 very greatly, and 
was excellent also in high-speed responsibility with the effect which makes a multilevel structure piezo- 
electricity / electrostriction elements 24a and 24b, and the effect that the point of application for carrying out 
displacement of the moving part 20 increases in number, and is desirable. 

[0064] moreover, like the piezo-electricity / electrostriction device lOg concerning the 7th modification shown 
in drawing 9 Make piezo-electricity / electrostriction layer 26 into two-layer structure, and it forms in the shape 
of a ctenidium so that one electrode 28 may be located in the inferior surface of tongue (side of the sheet 
metal sections 16a and 16b) of the 1st layer, and the upper surface of a two-layer eye. It is good also as the 
piezo-electricity / electrostriction elements 24a and 24b of the multistage configuration formed so that the 
electrode 30 of another side might be located in the upper surface of the 1st layer. A member which is 
different in moving part 20 is filled up with this example between end-face 36a of moving part 20, and 36b. 
[0065] While the generating force of piezo-electricity / electrostriction elements 24a and 24b increases and 
has and about is planned very much by making such piezo-electricity / electrostriction elements 24a and 24b 
into a multilevel structure, high resonance frequency-ization is attained and improvement in the speed of 
displacement actuation can attain easily because the rigidity of piezo-electricity / electrostriction device 10 the 
very thing increases. 

[0066] In addition, what is necessary is just to decide a number of stages etc. suitably according to a use and 
a busy condition, in actually carrying out in order for power consumption to also increase in connection with it 
although increase of driving force is achieved if a number of stages is made [ many ]. Moreover, 
fundamentally, even if it makes piezo-electricity / electrostriction elements 24a and 24b into a multilevel 
structure and raises driving force in the piezo-electricity / electrostriction device 10 concerning the gestalt of 
this operation, the width of face (distance of Y shaft orientations) of the sheet metal sections 16a and 16b 
serves as a very desirable device, since it is eternal, for example, when applying to actuators, such as 
positioning of the magnetic head for hard disks used in a very narrow gap, and ringing control. 
[0067] Although the case where it constituted from so-called sandwich structure which made piezo-electricity / 
electrostriction layer 26 intervene between the electrode 28 of a pair and 30 in above-mentioned piezo- 
electricity / electrostriction elements 24a and 24b was shown In addition, as are shown in drawing 10 , and 
you may make it form the electrodes 28 and 30 of the pair of a tandem type in one principal plane of the 
piezo-electricity / electrostriction layer 26 formed in the side of the sheet metal sections 16a and 16b at least 
and it is shown in drawing 1 1 The electrodes 28 and 30 of the pair of a tandem type are embedded in the 
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piezo-electricity / electrostriction layer 26 formed in the side of the sheet metal sections 16a and 16b at least, 
and you may make it form. 

[0068] In the case of the structure shown In drawing 10 , there Is an advantage that power consumption can 
be stopped low and the structure shown In drawing 1 1 becomes very advantageous to generating of an about 
from it being the structure where the Inverse piezoelectric effect of the big direction of electric field of distortion 
and the generating force can be used effectively. 

[0069] Specifically, the piezo-electricity / electrostriction elements 24a and 24b which are shown in drawing 10 
have the structure where come to form the electrodes 28 and 30 of the pair of tandem-type structure in one 
principal plane of plezo-electrlclty / electrostriction layer 26, and one electrode 28 and the electrode 30 of 
another side counter mutually with the gap 29 of fixed width efface alternately. Although drawing 10 showed 
the example which formed the electrodes 28 and 30 of a pair in one principal plane of piezo-electricity / 
electrostriction layer 26 In addition, may make it form the electrodes 28 and 30 of a pair between the sheet 
metal sections 16a and 16b, and the piezo-electrlclty / electrostriction layer 26. and You may make It form the 
electrodes 28 and 30 of the pair of a tandem type In the 1 principal-plane list of piezo-electricity / 
electrostriction layer 26, respectively between the sheet metal sections 16a and 16b, and the piezo- 
electricity / electrostriction layer 26. 

[0070] On the other hand, the electrodes 28 and 30 of the pair of tandem-type structure are formed, and the 
piezo-electricity / electrostriction elements 24a and 24b which are shown In drawing 1 1 have the structure 
where one electrode 28 and the electrode 30 of another side counter mutually with the gap 29 of fixed width of 
face alternately so that it may be embedded in piezo-electricity / electrostriction layer 26. 
[0071] it can use suitable for the piezo-electricity / electrostriction device 10 which piezo-electricity / 
electrostriction elements 24a and 24b as shown in such drawing 10 and drawing 1 1 also require for the 
gestalt of this operation. Like the piezo-electricity / electrostriction elements 24a and 24b which are shown in 
drawing 10 and drawing 1 1 , when using the electrodes 28 and 30 of the pair of a tandem type, it is making 
small the pitch D of the ctenidium of each electrodes 28 and 30. and it is possible to enlarge displacement of 
piezo-electricity / electrostriction elements 24a and 24b. 

[0072] Here, actuation of the piezo-electricity / electrostriction device 10 concerning the gestalt of this 
operation Is explained, first, two piezo-electricity / electrostriction elements 24a and 24b - the natural 
condition 24a and 24b, i.e., piezo-electricity / electrostriction elements, - both - displacement - when not 
operating, it is shown in drawing 12 - as - the major axis (major axis of a fixed part) m of piezo-electricity / 
electrostriction device 10, and the medial axis n of moving part 20 - about - I am doing one. 
[0073] From this condition, as shown, for example In the wave form chart of drawing 13 A. the sine wave Wa 
which has the predetermined bias potential Vb is applied to the electrodes 28 and 30 of the pair In one piezo- 
electricity / electrostriction element 24a, and as shown in drawin g 13 B, the sine wave Wb from which about 
about 180 degrees of phases differ is applied to the electrodes 28 and 30 of the pair In the piezo-electricity / 
electrostriction element 24b of another side in said sine wave Wa. 

[0074] And In the phase where the voltage of maximum was Impressed as opposed to the electrodes 28 and 
30 of the pair in one piezo-electricity / electrostriction element 24a, the piezo-electricity / electrostriction layer 
26 in one piezo-electricity / electrostriction element 24a carry out contraction displacement in the direction of a 
principal plane. By this, as shown in drawing 14 , as shown in an arrow head A, to one sheet metal section 
16a This sheet metal section 16a since the stress of the direction sagged rightward occurs, for example, one 
[ this ] sheet metal section 16a It bends rightward, and since It will be In the condition that voltage Is not 
impressed to the electrodes 28 and 30 of the pair in the piezo-electricity / electrostriction element 24b of 
another side, at this time, sheet metal section 16b of another side follows bending of one sheet metal section 
16a. and bends rightward. Consequently, moving part 20 displaces rightward as opposed to the major axis m 
of plezo-electriclty / electrostriction device 10. In addition, the amount of displacement also becomes large, so 
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that the amount of displacement changes according to the maximum of the voltage impressed to each piezo- 
electricity / electrostriction elements 24a and 24b. for example, maximum becomes large. 
[0075] When the piezo-electrlcity / electrostriction material which has a coercive electric field are applied, you 
may make it adjust said bias potential as a component of piezo-electriclty / electrostriction layer 26, especially, 
so that the level of the minimum value may turn into negative level slightly as shown in the wave of the 
alternate long and short dash line of drawing 13 A and drawin g 13 B. In this case, the stress of the same 
direction occurs with the bending direction of one sheet metal section 16a in sheet metal section 16b of 
another side, and the drive of the piezo-eleclricity / electrostriction element (for example, piezo-electricity / 
electrostriction element 24b of another side) to which this negative level is impressed enables it to enlarge the 
amount of displacement of moving part 20 more. That is, the piezo-electricity / electrostriction element 24b, or 
24a to which negative level is impressed can give the function to consider as a support the piezo-electricity / 
electrostriction element 24a, or 24b which is the subject of displacement actuation, by using a wave as shown 
In the alternate long and short dash line in drawing 13 A and drawing 13 B. 

[0076] In addition, in the example (piezo-electricity / electrostriction device lOf) shown in drawing 8 , the 
voltage (refer to sine wave form Wa) which has been arranged on the diagonal line and which is shown in 
drawing 13 A is impressed, for example to piezo-electricity / electrostriction element 24a1 , and the piezo- 
electricity / electrostriction element 24b2, and the voltage (refer to sine wave form Wb) shown in drawing 13 B 
is impressed to other piezo-electricity / electrostriction elements 24a2, and the piezo-electricity / 
electrostriction element 24b1. 

[0077] Thus, in the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation, in 
order for displacement with minute piezo-electricity / electrostriction elements 24a and 24b to be amplified by 
big displacement actuation using bending of the sheet metal sections 16a and 16b and to transmit to moving 
part 20, moving part 20 becomes possible [ carrying out displacement greatly to the major axis m of piezo- 
electricity / electrostriction device 10 ]. 

[0078] He is trying to prepare moving part 20 especially the end faces 36a and 36b which counter mutually 
with the gestalt of this operation. In this case, it becomes possible to raise resonance frequency, without being 
able to make into an opening 38 between the end faces 36a and 36b which counter mutually, or being able to 
attain lightweight-ization of moving part 20 effectively by making the member 40 lighter than the configuration 
member of moving part 20 intervene among said end faces 36a and 36b which counter mutually, and 
reducing the amount of displacement of moving part 20. 

[0079] Here, frequency switches in alternation the voltage impressed to the electrodes 28 and 30 of a pair, 
and shows the frequency of the voltage wavefomn when carrying out displacement of the moving part 20 to 
right and left, and resonance frequency shows the maximum frequency which displacement actuation of 
moving part 20 can follow by the predetermined oscillation mode. 

[0080] Moreover, it sets to the piezo-electricity / electrostriction device 10 concerning the gestalt of this 
operation. Since the fixed part 22 is united with moving part 20, sheet metal section 16a, and 16b list and the 
piezo-electricity / electrostriction material which is a brittle and comparatively heavy material do not need to 
constitute all portions, A mechanical strength is high, is excellent in handling nature, shock resistance, and 
moisture resistance, and has on actuation the advantage of being hard to be influenced of a harmful vibration 
(for example, residual vibration and noise vibration at the time of a fast operation). 

[0081] furthermore, some moving part 20 which contains one end-face 36a when between the end faces 36a 
and 36b which counter mutually is made into an opening 38 in the gestalt of this operation - some of 20A and 
another moving part 20 containing other-end side 36b - 20B - bending - being easy - it becomes strong to 
deformation. Therefore, it will excel in the handling nature of piezo-electricity / electrostriction device 10. 
[0082] Moreover, the surface area of moving part 20 or a fixed part 22 becomes large by existence of said 
end faces 36a and 36b which counter mutually. Therefore, as shown in drawing 1 , when it considers as the 
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moving part 20 which has the end faces 36a and 36b which counter mutually and attaches other components 
in moving part 20, the large clamp-face product can be taken and the attachment nature of components can 
be raised. Here, considering the case where components are fixed with adhesives etc., since adhesives will 
spread even round the end faces 36a and 36b besides one principal plane (components clamp face) of 
moving part 20, they become possible [ canceling the lack of spreading of adhesives etc. ], and can fix 
components certainly. 

[0083] As this example, the case where the piezo-electricity / electrostriction device concerning the gestalt of 
this another operation (piezo-electricity / electrostriction device 10B of another side) are fixed is shown to the 
moving part 20 of the piezo-electricity / electrostriction device (one piezo-electricity / electrostriction device 
10A) applied to the gestalt of this operation at drawing 15 . 

[0084] The fixed part 22 has fixed one piezo-electricity / electrostriction device 10A on the surface of a 
substrate 122 through adhesives 120. In the moving part 20 of piezo-electricity / electrostriction device 10A of 
one of these, the fixed part 22 of the piezo-electricity / electrostriction device 10B of another side has fixed 
through adhesives 124. That is, two piezo-electricity / electrostriction devices 10A and 10B have composition 
arranged at the serial. In addition, between the end faces which counter mutually [ the moving part In the 
piezo-electricity / electrostriction device of another side ], a different lightweight member 126 from moving part 
intervenes. 

[0085] In this case, the adhesives 124 for fixing the piezo-electricity / electrostriction device 108 of another 
side have spread even among the end faces 36a and 36b of moving part 20 in one piezo-electricity / 
electrostriction device 10A, and the piezo-electricity / electrostriction device 108 of another side will fix firmly 
to one piezo-electricity / electrostriction device 1 0A by this. Moreover, if piezo-electricity / electrostriction 
device 108 is pasted up in this way, since a lightweight member (this example adhesives 124) which is 
different in moving part 20 between end-face 36a and 36b can be made placed between adhesion and 
coincidence, there is an advantage that a manufacturing process can be simplified. 

[0086] It becomes possible to, fix firmly the piezo-electricity / electrostriction device 10 concerning the gestalt 
of this operation to a predetermined fixed portion on the other hand, in addition to the effect in the case of 
having the end faces 36a and 36b which counter mutually in the moving part 20 which mentioned above, 
when it considers as the fixed part 22 which has the end faces 36a and 36b which counter mutually, as shown 
in drawing 3 , and improvement in reliability can be aimed at. 

[0087] In the gestalt of this 1st operation piezo-electricity / electrostriction elements 24a and 24b Moreover, 
piezo-electricity / electrostriction layer 26, Since the electrodes 28 and 30 of the pair formed in the both sides 
of this piezo-electricity / electrostriction layer 26 are had and constituted and one electrode 28 was formed in 
the outside surface of the sheet metal sections 16a and 16b at least among the electrodes 28 and 30 of a pair 
Vibration by piezo-electricity / electrostriction elements 24a and 24b can be efficiently transmitted to moving 
part 20 through the sheet metal sections 16a and 16b, and improvement in responsibility can be aimed at. 
[0088] Moreover, he is trying to form continuously from a part of fixed part 22 in the gestalt of this 1st 
operation, applying [ to which the electrodes 28 and 30 of a pair lap on both sides of piezo-electricity / 
electrostriction layer 26 in between ] it to a part of sheet metal sections 16a and 16b (a part for the substantial 
mechanical component 18). Although there is a possibility that displacement actuation of moving part 20 may 
be restricted by the amount of [ 18 ] said substantial mechanical component, and it may become impossible to 
obtain big displacement when it forms in some moving part 20 further, having applied a part for the substantial 
mechanical component 18 With the gestalt of this operation, since it forms so that a part for said substantial 
mechanical component 18 may not be applied to both moving part 20 and the fixed part 22, un-arranglng 
[ that displacement actuation of moving part 20 is restricted ] is avoided, and the amount of displacement of 
moving part 20 can be enlarged. 

[0089] On the contrary, when fomning piezo-electricity / electrostriction elements 24a and 24b in some moving 
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part 20, it is desirable to form so that the amount of [ 18 ] said substantial mechanical component may make it 
applied and located in a part of sheet metal sections 16a and 16b from some moving part 20. This is because 
displacement actuation of moving part 20 will be restricted as mentioned above if a part for the substantial 
mechanical component 18 is formed over a part of fixed part 22. 

[0090] Next, the desirable example of a configuration of the piezo-electriclty / electrostriction device 10 
concerning the gestalt of this operation is explained. 

[0091] First, in order to make displacement actuation of moving part 20 into a positive thing, it is desirable to 
make or more [ of thickness d of the sheet metal sections 16a and 16b ] Into 1/2 distance g the amount of [ of 
piezo-electriclty / electrostriction elements 24a and 24b / 18 ] substantial mechanical component starts a fixed 
part 22 or moving part 20. 

[0092] and the ratio of the distance a between the walls of the sheet metal sections 16a and 16b (distance of 
X shaft orientations), and the width of face (distance of Y shaft orientations) b of the sheet metal sections 16a 
and 16b ~ it constitutes so that a/b may be set to 0.5-20. Aforementioned ratio a/b is preferably set to 1-10, 
and is set to 2-8 still more preferably, this ratio - the default value of a/b - the displacement of moving part 20 
~ it is the convention based on discovery of an amount being enlarged and being able to obtain the 
displacement in an X-Z plane dominantly. 

[0093] on the other hand - a ratio with the distance a between length (distance of Z shaft orientations) e of 
the sheet metal section 20, and the wall of the sheet metal sections 16a and 16b - in e/a, it Is desirable for it 
to be preferably referred to as 0.5-10, and to be referred to as 0.7-5 still more preferably, this ratio - the 
default value of e/a - the displacement of moving part 20 - resonance frequency high [ that an amount can 
be enlarged ] ~ displacement - it can operate - ** (a high speed of response can be attained) - It is the 
convention based on the discovery to say. 

[0094] therefore, the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation ~ the 
influence by Y shaft orientations ~ displacement ~ Or in order to consider as the structure of controlling 
vibration, and excelling in high-speed responsibility, and having big displacement by the low battery relatively 
a ratio - a/b ~ 0.5-20 - carrying out ~ and a ratio - setting e/a to 0.5-10 - desirable - further - desirable - a 
ratio - a/b - 1-10 - carrying out ~ and a ratio - it is setting e/a to 0.7-5. 

[0095] Furthermore, it is desirable to fill up a pore 12. gel material, for example, silicon gel. Usually, although 
displacement actuation of moving part 20 will receive a limit by existence of a filler Since he is trying to attain 
lightweight-izing and increase-izing of the amount of displacement of moving part 20 accompanying the 
formation of end faces 36a and 36b to moving part 20 with the gestalt of this 1st operation, A limit of 
displacement actuation of the moving part 20 by said filler Is negated, and the effect by existence of a filler, 
i.e., a raise in resonance frequency, and rigid reservation can be realized. 

[0096] Moreover, the short thing of length (distance of Z shaft orientations) f of moving part 20 is desirable. It 
is because increase of lightweight-izing and resonance frequency is achieved by shortening, however ~ in 
order to secure the rigidity of X shaft orientations of moving part 20 and to make the displacement into a 
positive thing ~ a ratio with thickness d of the sheet metal sections 16a and 16b - it is desirable to make f/d or 
more into ten preferably three or more. 

[0097] In addition, the actual size of each part will be set to the reinforcement of the plane-of-composition 
product [ for installation ], and piezo-electricity / electrostriction devices, such as plane-of-composition product 
[ for attaching the plane-of-composition product for installation of the components to moving part 20, and a 
fixed part 22 in other members ], and terminal for electrodes, 10 whole, durability, and the required amount list 
of displacement in consideration of resonance frequency, driver voltage, etc. 

[0098] 100 micrometers - 2000 micrometers are desirable still more desirable, and, specifically, the distance a 
between the walls of the sheet metal sections 16a and 16b is 200 micrometers - 1000 micrometers. 50 
micrometers - 2000 micrometers are desirable still more desirable, and the width of face b of the sheet metal 
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sections 16a and 16b is 100 micrometers - 500 micrometers, thickness d of the sheet metal sections 16a and 
16b - the displacement to Y shaft orientations - the influence which is a component - in relation with the 
width efface b of the sheet metal sections 16a and 16b, it considers as b>d and 2 micrometers - 100 
micrometers are 4 micrometers - 50 micrometers desirable still more preferably so that displacement can 
control effectively. ^ 

[0099] 200 micrometers - 3000 micrometers are desirable still more desirable, and length e of the sheet metal 
sections 16a and 16b is 300 micrometers - 2000 micrometers. 50 micrometers - 2000 micrometers are 
desirable still more desirable, and length f of moving part 20 is 100 micrometers - 1000 micrometers. 
[0100] Although the displacement of Y shafl orientations does not exceed 10% to the displacement of X shaft 
orientations by making it such a configuration, the extremely excellent effect that a low-battery drive is 
possible by adjusting suitably in the above-mentioned rate of a proportion and the range of an actual size, and 
the displacement component to Y shaft orientations can be controlled to 5% or less is shown. That is, moving 
part 20 will displace to 1 shaft orientations of X shaft orientations substantially, moreover. Is excellent in high- 
speed responsibility, and can get big displacement by the low battery relatively. 

[0101] Moreover, in this piezo-electricity / electrostriction device 10, not tabular [ a tabular configuration is / 
like before ] but the moving part 20 and the fixed part 22 of a device are presenting the configuration of a 
rectangular parallelepiped, and since the sheet metal sections 16a and 16b of a pair are formed so that the 
side of moving part 20 and a fixed part 22 may continue, rigidity of Y shaft orientations of piezo-electricity / 
electrostriction device 10 can be alternatively made high. 

[0102] That is. In this piezo-electricity / electrostriction device 10, only actuation of the moving part 20 within a 
plane (inside of XZ plane) can be generated alternatively, and the actuation within YZ side of moving part 20 
(the so-called actuation of the influence direction) can be controlled. 

[0103] Next, each component of the piezo-electricity / electrostriction device 10 concerning the gestalt of this 
operation Is explained. 

[0104] As moving part 20 mentioned above, it is the portion which operates based on the amount of drives of 
the sheet metal sections 16a and 16b, and various members are attached according to the purpose of using 
piezo-electricity / electrostriction device 10. For example, if it is the case where piezo-electricity / 
electrostriction device 10 is used as a displacement element, the shield of an optical shutter etc. will be 
attached, and If it is especially used for positioning and the ringing inhibition mechanism of the magnetic head 
of a hard disk drive, the member which needs positioning of the suspension which has the slider which has 
the magnetic head and the magnetic head, and a slider will be attached. 

[0105] A fixed part 22 is a portion which supports moving part 20 in sheet metal section 16a and 16b list as 
mentioned above, and when using a fixed part 22 for positioning of the magnetic head of said hard disk drive, 
for example, whole piezo-electricity / electrostricfion device 10 are fixed to a fixed plate or a suspension etc. 
which was attached in VCM (voice coil motor) and attached in the carriage arm and this carriage arm by 
carrying out support immobilization. Moreover, as shown in drawing 1 . the terminal 32 for driving piezo- 
electricity / electrostriction elements 24a and 24b and the member of 34 and others may be arranged at this 
fixed part 22. 

[0106] Although it Is not limited as a material which constitutes moving part 20 and a fixed part 22 especially 
as long as it has rigidity, the ceramics which can apply the ceramic green sheet laminated layers method 
mentioned later can be used suitably. Although the material which uses zirconias including stabilized zirconia 
and partially stabilized zirconia, an alumina, a magnesia, silicon nitride, alumimium nitride, and titanium oxide 
as a principal component is specifically mentioned and also the material which used such mixture as the 
principal component is mentioned, the material with which a mechanical strength and toughness use a 
zirconia, especially stabilized zirconia as a principal component in a high point, and the material which uses 
partially stabilized zirconia as a principal component are desirable. Moreover, in a metallic material, although 
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it Is not limited as long as it has rigidity, stainless steel, nickel, etc. are mentioned. 

[0107] The sheet metal sections 16a and 16b are portions driven with the displacement of piezo-electriclty / 
electrostriction elements 24a and 24b, as mentioned above, telescopic motion of the piezo-electricity / 
electrostriction elements 24a and 24b which the sheet metal sections 16a and 16b are the members of the 
shape of sheet metal which has flexibility, and were arranged in the surface - displacement crookedness - 
it amplifies as displacement and has the function transmitted to moving part 20. Therefore, if the configuration 
and the quality of the material of the sheet metal sections 1 6a and 16b have flexibility and have the 
mechanical strength of the degree which is not damaged by flexion deformity, it is sufficient for them, and they 
can be suitably chosen in consideration of the responsibility of moving part 20, and operability. 
[0108] As for thickness d of the sheet metal sections 16a and 16b, it is desirable to be referred to as 2 
micrometers - about 100 micrometers, and, as for the thickness which doubled the sheet metal sections 16a 
and 16b, and the piezo-electricity / electrostriction elements 24a and 24b, it is desirable to be referred to as 7 
micrometers - 500 micrometers. As for the thickness of 0.1-50 micrometers, and the piezo-electricity / 
electrostriction layer 26. it is [ the thickness of electrodes 28 and 30 ] desirable to be referred to as 3-300 
micrometers. Moreover, as width efface b of the sheet metal sections 16a and 16b, 50 micrometers - 2000 
micrometers are suitable. 

[0109] By the ability using suitably the same ceramics as moving part 20 or a fixed part 22 as a material which 
constitutes the sheet metal sections 16a and 16b, even if a zirconia, the material which uses stabilized 
zirconia as a principal component especially, and the material which uses partially stabilized zirconia as a 
principal component are thin meat, it is most suitably used from that a mechanical strength is large, that 
toughness is high, and reactivity with piezo-electricity / electrostriction layer, or electrode material being small. 

[01 10] Moreover, as an iron system material, it is desirable to constitute from various stainless steel and 
various spring steel steel materials, and it is desirable, although to have flexibility and what is necessary is 
just the metallic material which can be deformed by flexion as above-mentioned, also when it constitutes from 
a metallic material preferably as a non-iron system material to constitute from beryllium copper, phosphor 
bronze, nickel, and a ferronickel alloy. 

[01 1 1] That by which partial stabilization was carried out as follows in partially stabilized zirconia in the 
stabilization list at said stabilized zirconia list is desirable, namely, as a compound which carries out partial 
stabilization, a zirconia in a stabilization list Although a zirconia will be stabilized partially or completely by 
there being yttrium oxide, ytterbium oxide, cerium oxide, a calcium oxide, and a magnesium oxide, and 
making one of compounds [ them ] add and contain at least The stabilization of a zirconia made into the 
purpose is possible also by adding the stabilization not only combining addition of one kind of compound but 
combining these compounds. 

[0112] In addition, as an addition of each compound, if it is in the case of yttrium oxide or ytterbium oxide 1- 
30-mol % - preferably, if it is in the case of 1.5-10-mol % and cerium oxide 6-50-mol % ~ preferably, if it is in 
the case of 8-20-mol % and a calcium oxide, or a magnesium oxide Although it is desirable % and to 5-40-mol 
consider as 5-20-mol % preferably, also especially in it, it is desirable to use yttrium oxide as a stabilizing 
agent, and it is desirable % and to 1.5-10-moI consider as 2-4-mol % still more preferably in that case. 
Moreover, although it is possible to add an alumina, a silica, a transition-metals oxide, etc, in 0.05 - 20wt% as 
additives, such as sintering acid, when adopting the baking unification by the film forming method as the 
fomiation technique of piezo-electricity / electrostriction elements 24a and 24b. it is also desirable to add an 
alumina, a magnesia, a transition-metals oxide, etc. as an additive. 

[0113] In addition, it is desirable to set preferably 0.05-3 micrometers of average crystal particle diameter of a 
zirconia to 0.05-1 micrometer so that a mechanical strength and the stable crystal phase may be obtained. 
Moreover, although the same ceramics as a fixed part 22 can be used for moving-part 20 list about the sheet 
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metal sections 16a and 16b as mentioned above, constituting preferably using the same material substantially 
is advantageous when aiming at reduction of the reliability for a joint, the reinforcement of piezo-electricity / 
electrostriction device 10. and the complicatedness of manufacture. 

[01 14] Although it has the electrodes 28 and 30 of the pair for applying electric field to piezo-electricity / 
electrostriction layer 26, and this the piezo-electricity / electrostriction layer 26 at least and piezo-electricity / 
electrostriction elements, such as a uni-morph mold and a bimorph mold, can be used, piezo-electricity / 
electrostriction elements 24a and 24b excel [ direction / of a uni-morph mold ] in the stability of the amount of 
displacement to generate, and since it Is advantageous to lightweight-izing, they are suitable for such piezo- 
electricity / an electrostriction device 10. 

[0115] For example, as shown in drawing 1 , the piezo-electricity / electrostriction element by which the 
laminating of one electrode 28, the piezo-electricity / electrostriction layer 26, and the electrode 30 of another 
side was carried out to the shape of a layer can be used suitably, and also as shown in drawing 5 - drawing 

9 , you may make it a multistage configuration. 

[01 16] As said piezo-electricity / electrostriction elements 24a and 24b are shown In drawing 1 , although it is 
desirable, in that the direction formed in the external surface side of piezo-electricity / electrostriction device 

10 can make the sheet metal sections 16a and 16b drive more greatly According to a use gestalt etc., you 
may form in the inside side of piezo-electricity / electrostriction device 10, i.e., the internal surface of a pore 
12, and may form in the both sides by the side of the external surface of piezo-electricity / electrostriction 
device 10, and an inside. 

[01 17] Although electrostrictive ceramics is suitably used for piezo-electricity / electrostriction layer 26, it is 
also possible to use the electrostriction ceramics, the ferroelectric ceramics, or the antiferroelectric crystal 
ceramics. However, since linearity with the amount of displacement of moving part 20, driver voltage, or 
output voltage is made important when using this piezo-electricity / electrostriction device 10 for positioning of 
the magnetic head of a hard disk drive etc., it is desirable to use the small material of distortion hysteresis, 
and it is desirable that a coercive electric field uses a material 10kV [/mm ] or less. 

[0118] The ceramics which is independent or contains lead zirconate, lead titanate, magnesium niobic acid 
lead, nickel niobic acid lead, zinc niobic acid lead, manganese niobic acid lead, antimony stannic-acid lead, a 
manganese lead wolframate. cobalt niobic acid lead, barium titanate. a titanic-acid sodium bismuth, niobic 
acid potassium sodium, a tantalic acid strontium bismuth, etc. as mixture as a concrete material is mentioned. 

[0119] Especially, it has a high electromechanical coupling coefficient and a high piezoelectric constant, and 
reactivity with the sheet metal sections 16a and 16b (ceramics) at the time of sintering of piezo-electricity / 
electrostriction layer 26 is small, and the material which uses lead zirconate, lead titanate. and magnesium 
niobic acid lead as a principal component, or the material which uses a titanic acid sodium bismuth as a 
principal component is suitably use in the point that the thing of the stable presentation is obtain. 
[0120] Furthermore, the ceramics which is Independent or mixed oxides, such as a lanthanum, calcium, 
strontium, molybdenum, a tungsten, barium, niobium, zinc, nickel, manganese, a cerium, cadmium, 
chromium, cobalt, antimony, iron, an yttrium, a tantalum, a lithium, a bismuth, and tin. etc. into said material 
may be used, 

[0121] For example, an advantage, like adjustment of a coercive electric field and a piezo-electric property is 
attained can be acquired by making the lead zirconate. lead titanate, and magnesium niobic acid lead which 
are a principal component contain a lanthanum and strontium. 

[0122] In addition, as for addition of materials which are easy to vitrify, such as a silica, avoiding is desirable. 
It is because materials, such as a silica, tend to react with piezo-electricity / electrostriction material at the 
time of heat treatment of piezo-electricity / electrostriction layer, the presentation is fluctuated and a piezo- 
electric property is degraded. 
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[0123] On the other hand, the electrodes 28 and 30 of the pair of piezo-electriclty / electrostriction elements 
24a and 24b Are a solid-state at a room temperature and it is desirable to cx)nsist of metals excellent in 
conductivity. For example, aluminum, titanium, chromium. Iron, cobalt, nickel, copper, Zinc, niobium, 
molybdenum, a ruthenium, palladium, a rhodium, silver, Metal simple substances, such as tin, a tantalum, a 
tungsten, iridium, platinum, gold, and lead, or these alloys are used, and the cermet material which made 
these distribute the same material as piezo-electricity / electrostriction layer 26, or the sheet metal sections 
16a and 16b further may be used. 

[0124] It opts for the material selection of the electrodes 28 and 30 in piezo-electricity / electrostriction 
elements 24a and 24b depending on the formation method of piezo-electricity / electrostriction layer 26. For 
example, when forming piezo-electricity / electrostriction layer 26 by baking on one [ this ] electrode 28 after 
forming one electrode 28 on sheet metal section 16a and 16b Although it is necessary to use refractory 
metals, such as platinum which does not change in the buming temperature of piezo-electricity / 
electrostriction layer 26. palladium, a platinum-palladium alloy, and a silver-palladium alloy, for one electrode 
28 After forming piezo-electricity / electrostriction layer 26. since the electrode 30 of another side formed on 
this plezo-electricrty / electrostriction layer 26 can perform electrode formation at low temperature, low melting 
point metals, such as aluminum, gold, and silver, can be used for it. 

[0125] Moreover, as for the thickness of electrodes 28 and 30, it is desirable to use materials, such as the 
organic metal paste with which a precise and thinner film is obtained after baking, for example, a golden 
resinate paste, a platinum resinate paste, and a silver resinate paste, for the electrode in which the factor 
which reduces the displacement of piezo-electricity / electrostriction elements 24a and 24b not a little is 
formed after baking of a sake, especially the piezo-electricity / electrostriction layer 26. 
[0126] Next, some manufacture methods of of the piezo-electricity / electrostriction device 10 concerning the 
gestalt of this operation are explained, referring to drawing 15 A - drawing 27 . 

[0127] The piezo-electricity / electrostriction device 10 concerning the gestalt of this operation The component 
of each part material is used as the ceramics. As a component of piezo-electricity / electrostriction device 10 
The base 16a and 14 16b except piezo-electricity / electrostriction elements 24a and 24b, i.e., the sheet metal 
sections. It is desirable to manufacture using a ceramic green sheet laminated layers method about a fixed 
part 22 and moving part 20. and it is desirable to manufacture on the other hand using the film formation 
technique, such as a thin film and a thick film, about each terminals 32 and 34 including piezo-electricity / 
electrostriction elements 24a and 24b. 

[0128] According to the ceramic green sheet laminated layers method which can fabricate each part material 
in the base 14 of piezo-electricity / electrostriction device 10 in one, since the change of state of the joint of 
each part material with time hardly arises, the reliability like a Joint is a high and method advantageous to rigid 
reservation. 

[0129] the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation ~ the boundary 
partial (part for joint) list of the sheet metal sections 16a and 16b and a fixed part 22 ~ the boundary portion (a 
part for a joint) of the sheet metal sections 16a and 16b and moving part 20 - displacement ~ since it 
becomes the supporting point of a manifestation, the reliability for a joint is the important point which 
influences the property of piezo-electricity / electrostriction device 10. 

[0130] since [ moreover, ] the manufacture method shown below is excellent in productivity or a moldability - 
the piezo-electricity / electrostriction device of a predetermined configuration - a short time ~ and it can 
obtain with sufficient repeatability. 

[0131] Hereafter, the 1st manufacture method of of the piezo-electricity / electrostriction device 10 concretely 
applied to the gestalt of this operation is explained. Here, the definition is carried out. The layered product 
obtained by carrying out the laminating of the ceramic green sheet is defined as the ceramic green layered 
product 58 (for example, refer to drawing 16 B), what calcinated this ceramic green layered product 58. and 
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was unified is defined as the ceramic layered product 60 (for example, refer to drawing 17 ), and the thing 
which excises an unnecessary portion from this ceramic layered product 60 and by which the fixed part 22 
was united with moving part 20. sheet metal section 16a, and 16b list is defined as ceramic base 14C (refer to 
drawing 18 ). 

[0132] Moreover. In this 1st manufacture method, finally the ceramic layered product 60 is cut per chip, and 
although many piezo-electricity / electrostriction devices 10 are taken and are carried out, In order to simplify 
explanation, it explains by making one-piece picking of piezo-electricity / electrostriction device 10 into a 
subject. 

[0133] First, addition mixing of a binder, a solvent, a dispersant, the plasticizer, etc. is carried out at ceramic 
powder, such as a zirconia, a slurry is produced, and the ceramic green sheet which has predetermined 
thickness for this by methods, such as the reverse roll coater method and a doctor blade method, after 
degassing processing is produced. 

[0134] Next, by methods using metal mold, such as blanking and laser beam machining, a ceramic green 
sheet is processed into various configurations like drawing 16 A. and the ceramic green sheets 50A-50D for 
base formation of two or more sheets, and 52A and 52B are obtained. 

[0135] These ceramic green sheets 50A-50D, and 52A and 52B have the ceramic green sheets 50A-50D of 
two or more sheets (for example, four sheets) with which the window part 54 which forms a pore 12 behind at 
least was fomned. and the ceramic green sheets 52A and 52B of two or more sheets (for example, two 
sheets) which serve as the sheet metal sections 16a and 16b behind. In addition, the number of sheets of a 
ceramic green sheet is an example to the last. 

[0136] Then, as shown in drawing 16 B, as the ceramic green sheets 50A-50D are put with the ceramic green 
sheets 52A and 52B, a laminating and after being stuck by pressure and considering as the ceramic green 
layered product 58, this ceramic green layered product 58 is calcinated for these ceramic green sheets 50A- 
50D, and 52A and 52B, and the ceramic layered product 60 (refer to drawing 17 ) is obtained. 
[0137] In addition, the count of sticking by pressure or sequence for laminating unification are not limited. It 
can be decided suitably that desired structure is acquired by the configuration of a window part 54, the 
number of sheets of a ceramic green sheet, etc., corresponding to structure. 

[0138] Not all the configurations of a window part 54 need to be the same, and can be determined according 
to a desired function. Moreover, the number of sheets of a ceramic green sheet and especially the thickness 
of each ceramic green sheet are not limited, either. 

[0139] Sticking by pressure can raise laminating nature more by applying heat. Moreover, the laminating 
nature of a ceramic green sheet interface can be raised by applying and printing a paste, a slurry, etc. which 
made the subject ceramic powder (desirable in respect of the same as that of the ceramics used for the 
ceramic green sheet, or the reliability reservation by it being a similar presentation), and a binder on a ceramic 
green sheet, and considering as a cementation auxiliary layer. In addition, it is desirable to deal with it using 
the polyethylene terephthalate film with which the ceramic green sheets 52A and 52B coated the surface with 
the release agent of a silicone system also in plastic film when thin. 

[0140] Next, as shown in drawing 17 . piezo-electricity / electrostriction elements 24a and 24b are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively. As a method of 
forming piezo-electricity / electrostriction elements 24a and 24b, the thin film forming methods, such as the 
thick-film forming methods, such as screen printing, a dipping method, the applying method, and an 
electrophoresis method, the ion beam method and the sputtering method, vacuum deposition, the ion plating 
method, a chemical-vapor-deposition method (CVD), and plating, can be used. 

[0141] Integration can be made easy, while being able to Join and arrange piezo-electricity / electrostriction 
elements 24a and 24b, and the sheet metal sections 16a and 16b in one and being able to secure reliability 
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and repeatability, without using adhesives by forming piezo-electricity / electrostriction elennents 24a and 24b 
using such a filnn forming method. 

[0142] In this case, it Is desirable to form plezo-electricity / electrostriction elements 24a and 24b by the thick- 
film forming method. It is because good piezo-electricity / electrostriction property can be acquired by being 
able to film-ize the particle of 0.05-3-micrometer electrostrictive ceramics, and powder the mean particle 
diameter of 0.01-5 micrometers using the paste used as a principal component, a slurry or a suspension, an 
emulsion, a sol. etc. preferably, and calcinating it if the thick-film forming method is especially used in 
formation of piezo-electricity / electrostriction layer 26. 

[0143] In addition, an electrophoresis method has the advantage that it Is high density and a film can be 
formed in a high configuration precision. Moreover, since film formation and pattern formation are made as for 
screen printing to coincidence, it is advantageous to simplification of a manufacturing process. 
[0144] Concretely, formation of piezo-electricity / electrostriction elements 24a and 24b is explained. First, one 
electrode 28 is printed and calcinated, after calcinating the ceramic green layered product 58 at the 
temperature of 1200 degrees C - 1600 degrees C. unifying and obtaining the ceramic layered product 60, 
subsequently, piezo-electricity / electrostriction layer 26 is printed and calcinated, the electrode 30 of another 
side is printed and calcinated in the predetermined location of both the surfaces of this ceramic layered 
product 60. and piezo-electricity / electrostriction elements 24a and 24b are further formed in it. Then, the 
temninals 32 and 34 for connecting each electrodes 28 and 30 to a drive circuit electrically are printed and 
calcinated. 

[0145] here - as one electrode 28 ~ as platinum (Pt) piezo-electricity / electrostriction layer 26 - as PZT 
(PZT) and the electrode 30 of another side - gold (Au) - further ~ as terminals 32 and 34 ~ silver (Ag) - as - 
If a material Is selected so that the burning temperature of each part material may become low according to 
the order of a laminating, In a certain baking phase, resintering of the material calcinated from it before does 
not happen, but generating of the fault of exfoliation and condensation of electrode material etc. can be 
avoided. 

[0146] In addition, by choosing a suitable material, each part material and terminals 32 and 34 of piezo- 
electricity / electrostriction elements 24a and 24b are printed serially, really calcinating at once is also 
possible, and after forming plezo-electricity / electrostriction layer 26. each electrode 30 grade can also be 
prepared at low temperature. 

[0147] Moreover, each part material and terminals 32 and 34 of piezo-electricity / electrostriction elements 
24a and 24b may be formed by the thin film forming methods, such as a spatter and vacuum deposition, and 
do not necessarily need heat treatment In this case. 

[0148] In formation of piezo-electricity / electrostriction elements 24a and 24b, piezo-electricity / 
electrostriction elements 24a and 24b are beforehand formed In both the surfaces of the ceramic green 
layered product 58, i.e., each surface of the ceramic green sheets 52A and 52B. and calcinating this ceramic 
green layered product 58. and the piezo-electricity / electrostriction elements 24a and 24b to coincidence is 
also performed preferably. If in charge of coincidence baking, It may be made to calcinate to all the 
configuration films of the ceramic green layered product 58, and the plezo-electricity / electrostriction 
elements 24a and 24b, and coincidence baking of one electrode 28 and ceramic green layered product 58 is 
carried out, or the method of carrying out coincidence baking of other configuration films and ceramic green 
layered products 58 except the electrode 30 of another side etc. Is mentioned. 

[0149] As a method of canning out coincidence baking of piezo-electricity / electrostriction elements 24a and 
24b, and the ceramic green layered product 58 The precursor of piezo-electricity / electrostriction layer 26 is 
fabricated by the tape-forming method using a slurry raw material etc. The laminating of the precursor of the 
plezo-electricity / electrostriction layer 26 before this baking is carried out by thermocompression bonding etc, 
on the surface of the ceramic green layered product 58. and the method of calcinating to coincidence and 
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producing moving part 20, the sheet metal sections 16a and 16b, the piezo-electricity / electrostrictlon layer 
26. and a fixed part 22 to coincidence is mentioned. However, it is necessary to form an electrode 28 in the 
surface of the ceramic green layered product 58, and/or the piezo-electricity / electrostriction layer 26 
beforehand by this method using the film forming method mentioned above. 

[0150] As the other methods, the electrodes 28 and 30, and the piezo-electricity / electrostriction layer 26 
which is each configuration layer of piezo-electricity / electrostriction elements 24a and 24b is formed in the 
portion of the ceramic green layered product 58 which finally serves as the sheet metal sections 16a and 16b 
at least by screen-stencil, and calcinating to coincidence is mentioned. 

[0151] Although the burning temperature of the configuration film of piezo-electricity / electrostriction elements 
24a and 24b is suitably determined by the material which constitutes this, generally, it is 500 degrees C - 
1500 degrees C, and is 1000 degrees C - 1400 degrees C preferably to piezo-electricity / electrostriction layer 
26. In this case, in order to control the presentation of piezo-electricity / electrostriction layer 26, it is desirable 
to sinter under existence of the evaporation source of the material of piezo-electricity / electrostriction layer 
26. In addition, to canry out coincidence baking of piezo-electricity / electrostriction layer 26, and the ceramic 
green layered product 58, it is required to double both baking conditions, that by which piezo-electricity/ 
electrostriction elements 24a and 24b are not necessarily formed in both sides of the ceramic layered product 
60 or the ceramic green layered product 58 - it is not - one side ~ it is easy to be natural. 
[0152] Next, an unnecessary portion is excised among the ceramic layered products 60 in which piezo- 
electricity / electrostriction elements 24a and 24b were formed as mentioned above. The locations to excise 
are the flank of the ceramic layered product 60, and a part (a cutting plane line CI and C2 reference) where 
the pore 12 by the window part 54 is especially formed in the side of the ceramic layered product 60 of this 
excision. 

[0153] Subsequently, as shown in drawing 18 . core part 20b of the portion which serves as moving part 20 is 
cut and removed along with cutting plane lines C3 and C4, and the piezo-electricity / electrostriction device 10 
with which piezo-electricity / electrostriction elements 24a and 24b were formed in the ceramic base 14 with 
which the fixed part 22 was united with moving part 20, sheet metal section 16a, and 16b list are produced. 
As the method of excision, It is possible to apply laser beam machining and electron beam machining of 
dicing processing, wire saw processing, etc.. such as an YAG laser besides machining and excimer laser. 
[0154] By the way, it sets to the manufacture method of of above-mentioned piezo-electricity / electrostriction 
device. Since he is trying to really form piezo-electricity / electrostriction elements 24a and 24b on sheet metal 
section 16a and 16b by baking, As shown in drawing 19 A, in the contraction of piezo-electricity / 
electrostriction layer 26 and the electrodes 28 and 30 of a pair which are produced at the time of baking, and 
piezo-electricity / electrostriction layer 26 list by the difference in coefficient of thermal expansion with the 
sheet metal sections 16a and 16b etc. In sheet metal section 16a and 16b list, for example, piezo-electricity / 
electrostriction elements 24a and 24b It displaces slightly so that it may become a convex toward a pore 12, 
and it will be in the condition that distortion arose geometrically, and will become easy to generate internal 
residual stress in piezo-electricity / electrostriction elements 24a and 24b (especially piezo-electricity / 
electrostriction layer 26), or the sheet metal sections 16a and 16b. 

[0155] Generating of the internal residual stress in these sheet metal sections 16a and 16b, or the piezo- 
electricity / electrostriction layer 26 is produced also when really which was mentioned above sticking the 
piezo-electricity / electrostriction elements 24a and 24b of another object on the sheet metal sections 16a and 
16b besides baking with adhesives. That is, in case adhesives are fixed or hardened, internal residual stress 
will occur by hardening contraction of adhesives etc. in the sheet metal sections 16a and 16b, or the piezo- 
electricity / electrostriction layer 26. Furthermore, when heating is required, residual stress becomes the 
immobilization or hardening with a big thing. 

[0156] If piezo-electricity / electrostriction device 10 is used in this condition, even if it makes piezo-electricity / 
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electrostrictlon layer 26 produce predetermined electric field, desired displacement may not be shown in 
moving part 20. This is because the material property of piezo-electriclty / electrostriction layer 26 and 
displacement actuation of moving part 20 are checked by the internal residual stress generated in said sheet 
metal sections 16a and 16b, or the piezo-electriclty / electrostriction layer 26. 

[0157] Then, he is trying only for the predetermined width of face W1 (for example. 100 micrometers) to 
excise core part 20b of moving part 20 by this 1st manufacture method, as shown in drawing 19 A. Although 
the end faces 36a and 36b which counter mutually are formed in moving part 20 of excision of this core part 
20b as shown in drawing 19 B With the internal residual stress generated in the sheet metal sections 16a and 
16b. or the piezo-electricity / electrostriction layer 26. it moves in the direction in which these end faces 36a 
and 36b approach mutually, and the width of face of each end faces 36a and 36b after migration turns into the 
2nd short predetermined width of face W2 (for example, 30 micrometers) from said predetermined width of 
face W1. 

[0158] Migration of these end faces 36a and 36b is followed on release of the internal residual stress 
generated in the sheet metal sections 16a and 16b, or the piezo-electricity / electrostriction layer 26. Where 
internal residual stress is released, when piezo-electricity / electrostriction device 10 is used, moving part will 
show the displacement actuation as layout mostly, and will show a good device property. As this effect 
excises a part of portion used as a fixed part 22, for example, shows it to drawin g 3 When the end faces 36a 
and 36b which counter a fixed part 22 mutually are fonmed, are the same. In this case The internal residual 
stress generated In the sheet metal sections 16a and 16b, or the piezo-electricity / electrostriction layer 26 will 
be released by migration of the end faces 36a and 36b which were formed in the fixed part 22 and which 
counter mutually. In addition, about the end faces 36a and 36b which counter, the same effect is not 
necessarily acquired not only excision for a core of moving part 20 or a fixed part 22 but by excising and 
forming the portion which swerved from the center. 

[0159] It is desirable to heat-treat at 300-800 degrees C after excision in excision shown in drawing 17 or 
excision shown in drawing 18 . This is because said defect can be removed and reliability improves by said 
heat treatment, although it is easy to produce defects, such as a micro crack, in a device by processing. 
Furthenmore, it is desirable to leave it at the temperature of about 80 degrees C after said heat treatment for 
about at least 10 hours, and to perform aging processing. It is because the stress of the carrier beam 
versatility in a manufacture process etc. can be eased further and it contributes to improvement in a property 
by this aging processing. 

[0160] Next, it explains, referring to drawing 20 A - drawing 22 about the 2nd manufacture method. First, the 
ceramic green sheets 50A-50D of two or more sheets (for example, four sheets) with which the window part 
54 which forms a pore 12 behind at least was formed as shown in drawing 20 A, The ceramic green sheet 
102 with which continuation formation of the window part 100 for forming the window part 54 which forms a 
pore 12 behind, and the moving part 20 which has the end faces 36a and 36b which counter mutually was 
carried out, The ceramic green sheets 52A and 52B of two or more sheets (for example, two sheets) used as 
the sheet metal sections 16a and 16b are prepared for behind. 

[0161] then, it is shown in drawing 20 B - as ~ the ceramic green sheets 52A and 52B - ceramic green sheet 
50A- as 50D and 102 are put, the laminating and sticking by pressure of these ceramic green sheets 50A- 
50D, 52A, and 52B and 102 are done, and it considers as the ceramic green layered product 58. In this 
laminating, the ceramic green sheet 102 Is located in the center, and carries out a laminating. Since the part 
which does not require a pressure at the time of sticking by pressure occurs by existence of a window part 
100 at this time, a laminating, the sequence of sticking by pressure, etc. are changed and it is necessary to 
make it such a part not generated. This is the same also by the 3rd and 4th manufacture methods mentioned 
later. Then, the ceramic green layered product 58 is calcinated and the ceramic layered product 60 (refer to 
drawing 21 ) Is obtained. 
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[0162] Next, the piezo-electricity / electrostriction elements 24a and 24b of multilayer structure are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively, and piezo- 
electricity / electrostriction elements 24a and 24b are made to unite with the ceramic layered product 60 by 
balding, as shown in drawin g 21 . Of course, piezo-electricity / electrostriction element may be fomied only on 
the surface of one side. This is the same also by the 3rd and 4th manufacture methods mentioned later. 
[0163] Next, the flank and point of the ceramic layered product 60 are excised by cutting along with cutting 
plane lines C1 . C2, and C5 among the ceramic layered products 60 in which piezo-electricity / electrostriction 
elements 24a and 24b were formed. By this excision, as shown in drawing 22 , the piezo-electricity / 
electrostriction device 10 with which piezo-electricity / electrostriction elements 24a and 24b were formed in 
ceramic base 14C, and the moving part 20 which has the end faces 36a and 36b which counter mutually was 
formed are obtained. After cutting the timing of cutting along with cutting plane lines CI and C2, it may be cut 
along with a cutting plane line C5, and after cutting along with a cutting plane line C5, it may be cut along with 
cutting plane lines C1 and C2. Of course, it may be made to perform these cutting to coincidence. 
[0164] In this 2nd manufacture method, at the same time it excised the unnecessary portion from the ceramic 
layered product 60 Since the piezo-electricity / electrostriction device 10 with which piezo-electricity / 
electrostriction elements 24a and 24b were formed in ceramic base 14C, and the moving part 20 which has 
the end faces 36a and 36b which counter mutually was formed can be obtained. While being able to attain 
simplification of a manufacturing process, the yield of piezo-electricity / electrostriction device 10 can be 
raised. 

[0165] Next, it explains, referring to drawing 23 A - drawing 25 about the 3rd manufacture method. First, the 
ceramic green sheets 50A-50D of two or more sheets (for example, four sheets) with which the window part 
54 which forms a pore 12 behind at least was formed as shown in drawing 23 A, Continuation formation of the 
window part 104 for forming partial 20D from which the window part 54 which forms a pore 12 behind, and the 
end faces 36a and 36b which counter mutually serve as the moving part 20 connected in part is carried out. a 
window part 54 ~ going - a part - flare appearance ~ the ceramic green sheet 108 with which the overhang 
section 106 was formed the bottom, and the ceramic green sheets 52A and 528 of two or more sheets (for 
example, two sheets) which serve as the sheet metal sections 16a and 16b behind are prepared. 
[0166] then, it is shown in drawing 23 B ~ as - the ceramic green sheets 52A and 52B - ceramic green sheet 
50A- as 50D and 108 are put, the laminating and sticking by pressure of these ceramic green sheets 50A- 
50D, 52A, and 52B and 108 are done, and it considers as the ceramic green layered product 58. In this 
laminating, the ceramic green sheet 108 is located in the center, and cames out a laminating. Then, the 
ceramic green layered product 58 is calcinated and the ceramic layered product 60 (refer to drawing 24 ) is 
obtained. 

[0167] Next, the piezo-electricity / electrostriction elements 24a and 24b of multilayer structure are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively, and piezo- 
electricity / electrostriction elements 24a and 24b are made to unite with the ceramic layered product 60 by 
baking, as shown in drawing 24 . 

[0168] Next, the flank and point of a ceramic layered product are excised by cutting along with cutting plane 
lines C1, C2, and C5 among the ceramic layered products 60 in which piezo-electricity / electrostriction 
elements 24a and 24b were fomried. Although piezo-electricity / electrostriction elements 24a and 24b are 
formed by this excision at a fixed part 22, sheet metal section 16a, and 16b list as shown in drawing 25 , 
partial 20D which serves as moving part 20 is in the condition that the end faces 36a and 36b which counter 
mutually were connected in part by the overhang section 106. 

[0169] Next, said overhang section 106 which has connected in part the end faces 36a and 36b which counter 
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mutually Is excised, and the piezo-electricity / electrostriction device 10 with which piezo-electrlcity / 
electrostriction elements 24a and 24b were formed in ceramic base 14C by which the fixed part 22 was united 
with moving part 20, sheet metal section 16a, and 16b list are produced. 

[0170] In this 3rd manufacture method, in a culmination, since what is necessary Is just to excise the thin 
overhang section 106 which has connected in part the end faces 36a and 36b which counter mutually, while 
being able to excise simply and certainly and being able to attain simplification of a manufacturing process, 
the yield of piezo-electricity / electrostriction device 10 can be raised. 

[0171] Next, it explains, referring to drawing 26 A - drawing 28 about the 4th manufacture method. First, the 
ceramic green sheets 50A-50D of two or more sheets (for example, four sheets) with which the window part 
54 which forms a pore 12 behind at least was formed as shown in drawing 26 A, The window part 1 10 for 
forming partial 20D from which the window part 54 used as a pore 12 and the end faces 36a and 36b which 
counter mutually serve as the moving part 20 connected in part is formed in behind, a window part 54 and a 
window part 1 1 0 are separated - as - a crossplece ~ the ceramic green sheet 114 with which the section 
112 was fomned. and the ceramic green sheets 52A and 52B of two or more sheets (for example, two sheets) 
which serve as the sheet metal sections 16a and 16b behind are prepared. 

[0172] then, it Is shown in drawing 26 B - as - the ceramic green sheets 52A and 528 - ceramic green sheet 
50A- as SOD and 114 are put, the laminating and sticking by pressure of these ceramic green sheets 50A- 
50D, 52A, and 528 and 1 14 are done, and it considers as the ceramic green layered product 58. In this 
laminating, the ceramic green sheet 1 14 is located in the center, and carries out a laminating. Then, the 
ceramic green layered product 58 is calcinated and the ceramic layered product 60 (refer to drawing 27 ) is 
obtained. 

[0173] Next, the piezo-electricity / electrostriction elements 24a and 24b of multilayer structure are formed in 
both the surfaces of said ceramic layered product 60, i.e.. the surface on which the ceramic green sheets 52A 
and 528 are equivalent to the surface by which the laminating was carried out, respectively, and piezo- 
electricity / electrostriction elements 24a and 24b are made to unite with the ceramic layered product 60 by 
baking, as shown in drawing 27 . 

[0174] Next, the flank and point of a ceramic layered product are excised by cutting along with cutting plane 
lines CI, C2, and C5 among the ceramic layered products 60 in which piezo-electricity / electrostriction 
elements 24a and 24b were formed, the end faces 36a and 36b which partial 20D which serves as moving 
part 20 counters mutually although piezo-electricity / electrostriction elements 24a and 24b are formed by this 
excision at a fixed part 22, sheet metal section 16a, and 16b list as shown in drawing 28 - a crossplece ~ it is 
in the condition that the part was connected by the section 112. 

[0175] Next, said **** 112 which has connected in part the end faces 36a and 36b which counter mutually Is 
excised, and the piezo-electricity / electrostriction device 10 with which piezo-electricity / electrostriction 
elements 24a and 24b were formed in ceramic base 14C by which the fixed part 22 was united with moving 
part 20, sheet metal section 16a. and 16b list are produced. 

[0176] the crossplece which has connected a part of end face which counters mutually in a culmination in this 
4th manufacture method - since what is necessary is just to excise the section 112, while being able to 
excise simply and certainly and being able to attain simplification of a manufacturing process, the yield of 
piezo-electricity / electrostriction device 10 can be raised. 

[0177] Although the above-mentioned example showed the example which constituted said moving part 20, a 
fixed part 22. and the sheet metal sections 16a and 16b from ceramic base 14C. each part can also consist of 
metallic materials. Furthermore, it can also constitute as hybrid construction which combined what was 
manufactured from the ceramics and a metaled material. In this case, in cementation between metallic 
materials, and cementation between the ceramics and a metallic material, the adhesion in organic resin, 
glass, etc., low attachment, soldering, eutectic bonding, welding, etc. can be used. 
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[0178] For example, it explains, referring to drawing 29 A - drawing 36 about the manufacture method (the 5th 
and the 6th manufacture method) of of the piezo-electricity / electrostriction device of the hybrid construction 
which used moving part 20 and a fixed part 22 as the ceramics, and used the sheet metal sections 16a and 
16b as the metal (the piezo-electricity / electrostriction devices lOh and lOi concerning the 8th and 9th 
modifications). Therefore, the metal formed by these 5th and 6th manufacture methods and the base 
containing the ceramics are described as base 14D. 

[0179] The 5th manufacture method prepares the ceramic green sheet 102 with which continuation formation 
of the window part 100 for first fonning the ceramic green sheets 50A-50D of two or more sheets (for 
example, four sheets) with which the window part 54 which forms a pore 12 behind at least as shown in 
drawing 29 A was formed, the window part 54 which forms a pore 12 in behind, and the moving part 20 which 
has the end faces 36a and 36b which counter mutually was carried out. 

[0180] then, it is shown in drawing 29 B - as - ceramic green sheet 50A- the laminating and sticking by 
pressure of 50D and 102 are done, and it considers as the ceramic green layered product 158. In this 
laminating, the ceramic green sheet 102 is located In the center, and carries out a laminating. Then, the 
ceramic green layered product 158 is calcinated, and as shown in drawing 30 A, the ceramic layered product 
160 (refer to drawing 30 A) is obtained. At this time, it becomes the form where the pore 130 by window parts 
54 and 100 was formed at the ceramic layered product 160. 

[0181] Next, as shown in drawing 30 B. the piezo-electricity / electrostriction elements 24a and 24b which 
were constituted as another object are pasted up on the surface of the metal plates 152A and 152B which 
serve as the sheet metal section, respectively with epoxy system adhesives. The piezo-electricity / 
electrostriction elements 24a and 24b of another object can be formed for example, with a ceramic green 
sheet laminated layers method. 

[0182] Next, as a pore 130 Is closed, these metal plates 152A and 152B are pasted up on the ceramic layered 
product 160 with epoxy system adhesives, and it considers as the hybrid layered product 162 (refer to 
drawing 31 ) so that the ceramic layered product 160 may be put with metal plates 152A and 152B. 
[0183] Next, as shown in drawing 31 , the flank and point of the hybrid layered product 162 are excised by 
cutting along with cutting plane lines CI, C2, and C5 among the hybrid layered products 162 In which piezo- 
electricity / electrostriction elements 24a and 24b were fonmed. By this excision, as shown in drawing 32 , the 
piezo-electricity / electrostriction device lOh concerning the 8th modification in which piezo-electricity / 
electrostriction elements 24a and 24b were formed in the sheet metal section which consisted of metal plates 
among base 14D, and the moving part 20 which has the end faces 36a and 36b which counter mutually was 
formed are obtained. 

[0184] The window part 100 for forming the moving part 20 which has the end faces 36a and 36b which 
counter as mutually on the other hand as the ceramic green sheets 50A-50D of two or more sheets (for 
example, four sheets) with which the window part 54 in which the 6th manufacture method forms a pore 12 
behind at least as first shown In drawing 33 A was formed, and the window part 54 which forms a pore 12 in 
behind prepares the ceramic green sheet 102 by which continuation formation was carried out. 
[0185] then, it is shown in drawing 33 B ~ as - ceramic green sheet 50A- the laminating and sticking by 
pressure of 50D and 102 are done, and it considers as the ceramic green layered product 158. Then, the 
ceramic green layered product 158 is calcinated, and as shown in drawing 34 A. the ceramic layered product 
160 Is obtained. At this time. It becomes the form where the pore 130 by window parts 54 and 100 was 
formed at the ceramic layered product 160. 

[0186] Next, as shown in drawing 34 B, as a pore 130 is closed, these metal plates 152A and 152B are 
pasted up on the ceramic layered product 160 with epoxy system adhesives, and it considers as the hybrid 
layered product 162 so that the ceramic layered product 160 may be put with metal plates 152A and 152B. In 
case piezo-electricity / electrostriction elements 24a and 24b are stuck on the surface of the pasted-up metal 
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plates 152A and 152B at this time, as shown in drawing 34 A, a pore 130 is filled up with a filler 164 if needed, 
so that sufficient adhesion pressure may be put. 

[0187] Since it is finally necessary to remove a filler 164, it is easy to dissolve in a solvent etc., and it is 
desirable that it is a hard material, for example, organic resin, a wax. a low, etc. are mentioned. Moreover, the 
material which mixed ceramic powder as a filler is also employable as organic resin, such as an acrylic. 
[0188] Next, as shown in drawing 35 , the piezo-electricity / electrostriction elements 24a and 24b which were 
formed in the surface of the metal plates 152A and 152B in the hybrid layered product 162 as another object 
are pasted up with epoxy system adhesives. The piezo-electricity / electrostriction elements 24a and 24b of 
another object can be formed for example, with a ceramic green sheet laminated layers method. 
[0189] Next, the flank and point of the hybrid layered product 162 are excised by cutting along with cutting 
plane lines C1, C2, and C5 among the hybrid layered products 162 in which plezo-electriclty / electrostriction 
elements 24a and 24b were formed. By this excision, as shown in drawing 36 , the piezo-electricity / 
electrostriction device lOi concerning the 9th modification in which piezo-electricity / electrostriction elements 
24a and 24b were formed in the sheet metal section which consisted of metal plates among base 14D, and 
the moving part 20 which has the end faces 36a and 36b which counter mutually was formed are obtained. 
[0190] Moreover, what is necessary is to form the part equivalent to the ceramic layered product 160 in 
drawing 30 A by casting, in using all the base sections as a metal, and also to carry out the laminating of the 
**-like metal and just to form by the cladding method. 

[0191] According to the piezo-electricity / the electrostriction device mentioned above, various transducers, 
various actuators, A frequency-domain functional part (filter), a transformer, the vibrator and resonator for the 
object for a communication link, or power, Others, an ultrasonic sensor, and an acceleration sensor, [ active 
elements /. such as a radiator and a discriminator, ] It can use as sensor elements for [ various ] sensors, 
such as an angular-velocity sensor, and an impact sensor, a mass sensor, and can use suitable for the 
various actuators especially used for the displacement of various precision components, such as an optical 
instrument and a precision mechanical equipment, etc., or the device of positioning adjustment and angle 
adjustment. 

[0192] According to the piezo-electricity / the electrostriction device mentioned above, various transducers, 
various actuators, A frequency-domain functional part (filter), a transfomier, the vibrator and resonator for the 
object for a communication link, or power, Others, an ultrasonic sensor, and an acceleration sensor, [ active 
elements /, such as a radiator and a discriminator, ] It can use as sensor elements for [ various ] sensors, 
such as an angular-velocity sensor, and an impact sensor, a mass sensor, and can use suitable for the 
various actuators especially used for the displacement of various precision components, such as an optical 
instrument and a precision mechanical equipment, etc.. or the device of positioning adjustment and angle 
adjustment. 

[0193] In addition, the piezo-electricity / electrostriction device concerning this invention, and its manufacture 
method of the ability of various configurations to be taken are natural, without deviating not only from the 
gestalt of above-mentioned operation but from the summary of this Invention. 
[0194] 

[Effect of the Invention] As explained above, according to the piezo-electrlclty / electrostriction device 
concerning this invention, and its manufacture method The stability of a device or the attachment nature of the 
components to moving part can be raised also in lightweight-izing of a device in the handling nature list of 
lightweight-izing of a fixed part or moving part, and a device. By this While being able to displace moving part 
greatly, can make improvement in the speed (raise in resonance frequency) of displacement actuation of 
moving part attain, moreover, are hard to be influenced of a harmful vibration, and a high-speed response is 
possible. A mechanical strength is high and can obtain the displacement element excellent in handling nature, 
shock resistance, and moisture resistance, and the sensor element which can detect vibration of moving part 
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with a sufficient precision in a list. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 11 It is the perspective diagram showing 
device concerning the gestalt of this operation. 
[ Drawing 2] It is the perspective diagram showing 
device concerning the gestalt of this operation. 
[ Drawing 3] It is the perspective diagram showing 
device concerning the gestalt of this operation. 
[ Drawing 4] It is the perspective diagram showing 
device concerning the gestalt of this operation. 
[Drawing 5] It is the perspective diagram showing 
device concerning the gestalt of this operation. 
[Drawing 6] It is the perspective diagram showing 
device concerning the gestalt of this operation. 
[Drawing 7] It is the perspective diagram showing 
device concerning the 5th modification. 
[ Drawing 8] It Is the perspective diagram showing 
device concerning the gestalt of this operation. 
[ Drawing 9] It is the perspective diagram showing 
device concerning the gestalt of this operation. 
[Drawing 10] It is the perspective diagram omitting and showing a part of other examples of piezo-electricity / 
electrostriction element. 

[Drawing 11 ] It is the perspective diagram omitting and showing a part of example of further others of piezo- 
electricity / electrostriction element. 

[Drawing 12 ] In the piezo-electricity / electrostriction device concerning the gestalt of this operation, it is 
explanatory drawing showing the case where neither piezo-electricity nor / electrostriction element are 
performing displacement actuation. 

[Drawing 13] Drawing 13 A is the wave form chart showing the voltage waveform impressed to one piezo- 
electricity / electrostriction element, and drawing 13 B is the wave form chart showing the voltage waveform 
impressed to the piezo-electricity / electrostriction element of another side. 

[ Drawing 14] In the piezo-electricity / electrostriction device concerning the gestalt of this operation, it is 
explanatory drawing showing the case where piezo-electricity / electrostriction element performs displacement 
actuation. 

[ Drawing 15 ] It is the perspective diagram showing the case where the piezo-electricity / electrostriction 
device of another side are fixed in the moving part of one piezo-electricity / electrostriction device. 
[Drawing 16] Drawing 16 A is explanatory drawing showing the laminating process of a required ceramic 
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green sheet in the 1st manufacture method, and drawing 16 B is explanatory drawing showing the condition of 
having considered as the ceramic green layered product. 

[Drawing 17] In the 1st manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it Is explanatory drawing showing the condition of having 
formed plezo-electriclty / electrostrlction element In this ceramic layered product. 

[ Drawing 18 ] In the 1st manufacture method, It is explanatory drawing showing a process while considering as 
the piezo-electricity / electrostriction device which cuts a ceramic layered product along with a predetermined 
cutting plane line, and is applied to the gestalt of this operation. 

[Drawing 19] Drawing 19 A Is explanatory drawing showing the condition that internal residual stress has 
occurred in the sheet metal section, or piezo-electricity / electrostriction layer, and drawing 19 B is explanatory 
drawing showing the condition of having excised a part for the core of moving part. 
[Drawing 20 ] Drawing 20 A is explanatory drawing showing the laminating process of a required ceramic 
green sheet in the 2nd manufacture method, and drawing 20 B is explanatory drawing showing the condition 
of having considered as the ceramic green layered product. 

[Drawin g 21] In the 2nd manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it Is explanatory drawing showing the condition of having 
formed piezo-electricity / electrostriction element in this ceramic layered product. 
[Drawing 22] In the 2nd manufacture method, it is explanatory drawing showing the condition of having 
considered as the plezo-electriclty / electrostriction device which cuts a ceramic layered product along with a 
predetermined cutting plane line, and is applied to the gestalt of this operation. 

[Drawing 23 ] Drawing 23 A Is explanatory drawing showing the laminating process of a required ceramic 
green sheet in the 3rd manufacture method, and drawing 23 B is explanatory drawing showing the condition 
of having considered as the ceramic green layered product. 

[Drawing 24 ] In the 3rd manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it Is explanatory drawing showing the condition of having 
formed piezo-electricity / electrostriction element In this ceramic layered product. 

[Drawing 25 ] In the 3rd manufacture method, it is explanatory drawing showing a process while considering 
as the piezo-electricity / electrostriction device which cuts a ceramic layered product along with a 
predetermined cutting plane line, and Is applied to the gestalt of this operation. 

[Drawing 26] Drawing 26 A is explanatory drawing showing the laminating process of a required ceramic 
green sheet in the 4th manufacture method, and drawing 26 B is explanatory drawing showing the condition 
of having considered as the ceramic green layered product. 

[Drawing 27] In the 4th manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it is explanatory drawing showing the condition of having 
formed piezo-electricity / electrostriction element in this ceramic layered product. 

[Drawing 28] In the 4th manufacture method. It is explanatory drawing showing a process while considering as 
the piezo-electricity / electrostriction device which cuts a ceramic layered product along with a predetermined 
cutting plane line, and is applied to the gestalt of this operation. 

[ Drawing 29 ] Drawing 29 A Is explanatory drawing showing the laminating process of a required ceramic 
green sheet In the 5th manufacture method, and drawing 29 B is explanatory drawing showing the condition 
of having considered as the ceramic green layered product. 

[Drawing 30] Drawing 30 A is explanatory drawing showing the condition of having calcinated the ceramic 
green layered product and having considered as the ceramic layered product, and drawing 30 B is 
explanatory drawing showing the condition of having pasted up the piezo-electricity / electrostriction element 
constituted as another object on the surface of the metal plate which serves as the sheet metal section, 
respectively. 
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[Drawing 31 ] In the 5th manufacture method, it is explanatory drawing showing the condition of having pasted 
up the metal plate on the ceramic layered product, and having considered as the hybrid layered product. 
[Drawing 32] In the 5th manufacture method, it is explanatory drawing showing the condition of having 
produced the piezo-electricity / electrostrlction device which cuts a hybrid layered product along with a 
predetennined cutting plane line, and is applied to the 8th modification. 

[Drawing 33] Drawing 33 A is explanatory drawing showing the laminating process of a required ceramic 
green sheet in the 6th manufacture method, and drawing 33 B is explanatory drawing showing the condition 
of having considered as the ceramic green layered product. 

[Drawing 34] Drawing 34 A Is explanatory drawing showing the condition of having filled up the pore with the 
filler after calcinating a ceramic green layered product and considering as a ceramic layered product, and 
drawing 34 B is explanatory drawing showing the condition of having pasted up the metal plate used as the 
sheet metal section on the ceramic layered product, and having considered as the hybrid layered product, 
respectively. 

[Drawing 35] It is explanatory drawing showing the condition of having pasted up the piezo-electricity / 
electrostriction element constituted as another object on the surface of the metal plate of a hybrid layered 
product. 

[ Drawing 36 ] In the 6th manufacture method, it is explanatory drawing showing the condition of having 
produced the piezo-electricity / electrostriction device which cuts a hybrid layered product along with a 
predetermined cutting plane line, and is applied to the 9th modification. 

[Drawing 37] It is the block diagram showing the piezo-electricity / electrostriction device concerning the 
conventional example. 
[Description of Notations] 

10, 10A. 10B, 10a-10i ~ Piezo-electricity / electrostriction device 
12 ~ Pore 

14, 14C, 14D - Base (ceramic base) 

16a, 16b - Sheet metal section 18 - A part for a substantial mechanical component 
20 - Moving part 20D — Portion which serves as moving part 
22 ~ Fixed part 36a, 36b ~ End face 
38 - Opening 40 - Member 

50A-50D, 52A, 52B, 102. 108, 114 - Ceramic green sheet 

58.158 - Ceramic green layered product 

60,160 ~ Ceramic layered product 162 - Hybrid layered product 



[Translation done.] 
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